JOURNAL OF ANIMAL BEHAVIOR 


Worn MAY-JUNE No. 3 


VISUAL PATTERN-DISCRIMINATION IN THE 
VERTEBRATES—III 


BFFECTIVE DIFFERENCES IN WIDTH OF VISIBLE 
STRIAE FOR THE MONKEY AND THE CHICK 


H. M. JOHNSON 
Nela Research Laboratory, National Lamp Works of General Electric Company 


In an experiment reported some time ago! I determined the 
width of the individual members of a regular system of striae 
necessary to enable three animals to distinguish the field as 
striate at a given distance and under the experimental condi- 
tions prescribed. The work reported in this paper was done 
on the same animals, in an attempt to ascertain what difference 
in width of the members of two regular systems of striae, both 
of which the animals can distinguish as such, is necessary to 
effect discrimination between the two systems. The discrimi- 
nands are two interchangeable circular fields, 6 cm. in diameter 
and equal in brightness and color. The distribution of energy 
through the visible spectrum approximated that of a tungsten 
lamp operated at a specific consumption of 1.25 watts per candle. 
In the work on the chickens the mean brightness of the fields 
was 12.24 candles per square meter; in the work on the monkey, 
6.67 candles per square meter; and in a supplementary test made 
on two human subjects, 6.24 candles per square meter. The 
striae composing the system on the positive field are coarser 
and fewer in number than those composing the system on the 
negative field. The animals were fed in the food-conipartment 

1 Johnson, H. M.. Visual pattern-discrimination in the vertebrates. II. Com- 


parative visual acuity in the dog, the monkey and the chick. - This journal, vol 4, 
1914, pp. 340-361. 
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indicated by the positive field, and were punished by an electric 
shock for attempting to enter the food-compartment indicated by 
- the negative field. In an earlier communication? 1 described at 
some length the optical instruments used, and the methods of 
preparing the stimuli and of training the animals.’ I followed 
these methods rigidly in the present work except in three par- 
ticulars. It became necessary, when the differences in width 
between the members of the two systems of striae became small, 
to make the adjustments by hand, employing the micrometer 
screw for the purpose, instead of using the string and pulley 
mechanism. Further, in this work it is unnecessary that each 
animal be required to compare the test-fields at the same minimal 
distance as that prescribed for another animal, in order to make 
the results comparative. I therefore eliminated the stops in 
front of the alleys At and A? of the Yerkes box (shown in figure 6 
of the last article cited) which I had used in the work on the 
chicks. This reduced to 50 cm. the minimal distance at which 
comparison could be made without a choice being registered. 
The actual distance usually employed by the birds seemed to 
be between 50 cm. and 60 cm. If the difference in width of 
the members of the two systems was large as compared with the 
least effective difference for the individual, the animals tended 
to choose without comparing except possibly from the position 
they happened to occupy in the home-compartment when the 
exit-door was raised and the test-fields exposed. I retained the 
plate glass partition formerly used in the work on the monkey, 
in order to limit his movements. In this work he occasionally 
thrust his head into one opening in this partition and withdrew 
it without choosing that alley. Such behavior was relatively 
infrequent, and in such cases I did not exclude the responses. 
In practically all the presentations in which he compared the 
two fields before choosing, he inspected them successively with 


* Johnson, H. M. Visual pattern-discrimination in the vertebrates. I. Prob- 
lems and methods. This journal, vol. 4, 1914, pp. 319-339. 
_ 3 The original drawing for Figure 1 in that article was lost or destroyed after 
it had been mailed to the printer. A second drawing had to be prepared hastily 
and was used. It contains an error which I beg the reader, in the interest of clear- 
ness, to correct. The acute angle I, II, in the figure should be lettered 0, and 
the obtuse angle I, II, should be lettered 9! instead of 9. The system of right 
lines bisecting the obtuse angle should be lettered III. On page 330, in the phrase, 
“the lines III bisect the angle I, II (),” the symbol 9! should be substituted 
for the symbol 9. My responsibility for the error is limited to carelessness in 
copy and proofreading. 
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his eyes in or quite near the plane of the windows in the parti- 
tion—60 cm. from the test-field. In all cases I recorded as the 
alley “chosen’’ the one into which the animal first stepped. 
The animals automatically and instantly registered their choices 
by breaking the circuit through a signal lamp as they stepped on 
to the floor of the alley. The third change is the introduction 
of a shallow copper tray into the Yerkes box, between the exit- 
door and the alleys A: and A*. This tray contained a moist- 
ened felt pad‘ on to which the animal had to step before he 
could enter the alley. This tended to minimize the variability 
of the resistance of the animal’s feet. It is somewhat more 
satisfactory than the means employed in my earlier work—that 
of soaking the animal’s feet before beginning the daily series 
of trials. 


RELATIVE EASE OF LEARNING FOR INDIVIDUAL ANIMALS 


The animals used were a young male.Capuchin monkey and 
two Indian gamecocks. They were described in paper No. 2 
of this series, and designated severally as Monkey 2 and Chicks 
1 and 2. Since that report was published, Dr. P. W. Cobb 
refracted the eyes of the birds by skiascopy. The static error 


+ Breed had used a similar device in his work on the chick. Some such precau- 
tion is indispensable to good results if punishment with electric shock is employed. 
The resistances of dry feet and moist feet are of different orders of magnitude. If 
an animal is put into the box with dry feet and hands, and if during the series the 
latter become moist, as from perspiration or contact with urine or wet food, the 
increased effect of a steady line current may work great disturbance. In my work 
on audition in dogs I found this factor troublesome. Miss E. M. Smith reports 
a similar experience. The unsatisfactory results reported by some other éxperi- 
menters may be partly due to failure to take this precaution. Watson (Behavior, 
p. 60) asserts that some animals “ are extremely resistant even to fairly high cur- 
rents. The rabbit is not disturbed in the smallest degree by a current which is 
unbearable to the human being.” It should be remembered that thick tufts of 
long hair cover the soles of the rabbit’s feet, forming an excellent insulation when 
dry. When moistened, the water acts as a conductor. The rabbit will then react 
violently to a current which is not unpleasantly strong when received by the 
human subject through the moistened finger-tips. I recently demonstrated this 
fact in a simple experiment on the rabbit. However, even with the best attempts 
to keep the resistance of the animal’s feet constant, the variability is fairly large— 
as great, I have been told, as 25%. It is impossible to keep the animal’s feet free 
of dirt and grease, which interfere with good contact with the electrodes. It there- 
fore seems unnecessary to use such extreme care to control the steadiness of the 
line current as some students have done. I have obtained satisfactory results 
by passing A.C. from the city circuit through the primary coil of a Zimmermann 
inductorium, connecting a bank of lamps in series with the coil and in parallel 
with each other. Small changes in intensity of shock can be made by changing 
the position of the secondary coil with reference to the primary. This method 
has one advantage over the use of D.C. with an interrupter, in that the noise of 
the latter, which is often a source of disturbance, is dispensed with. 
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under mydriasis for Chick 1 was 0.75 D. hyperopia in the right 
eye and 1.25 D. hyperopia in the left eye. For Chick 2 the 
error was between 0.25 D. and 0.50 D. hyperopia in both eyes. 
No astigmatism was discoverable in either bird. After the ani- 
mals had recovered from mydriasis, Dr. Cobb repeated the 
tests, but, since the birds were continually changing their ac- 
commodation, the results were quite indefinite. In the emme- 
tropic human eye an hyperopia as great as that found for Chick 
2 usually exists during mydriasis, owing to lack of tone in the 
ciliary muscle. It seems fair, therefore, to regard this bird’s 
eyes as practically emmetropic, since no error was discoverable 
without mydriasis. 

Chick 1 failed to establish a perfect or highly accurate habit 
in 300 trials, although the width of the members of the positive 
system of striae was three times as great as that of the members 
of the negative system. At this point I abandoned the attempt 
to train him. Later on I gave him the problem of discriminat- 
ing between two regular systems of striae the members of which 
were equal in width, but differed in direction by 90°. He failed 
to learn this problem also. When I introduced a 2 to 1 differ- 
ence in width in addition to the difference in direction, he estab- 
lished a perfect habit in 150 additional trials, and maintained 
discrimination until the relative width of the members of the 
two systems was reduced to a 5 to4 relation. The bird’s record 
over 1100 trials indicated that a difference in either width or 
direction is ineffective if it is presented alone, but that either 
difference is effective if it is made sufficiently large and is pre- 
sented with a maximal difference in the other characteristic. 
This fact raised some questions of great interest, which I was 
prevented from studying by an injury to the bird’s left eye. 
I shall, therefore, omit a detailed report on the work done on 
Chick 1. 

Chick 2 and Monkey 2 learned the problem in less than 100° 
trials each. 

BASIS OF DISCRIMINATION 

In attempting to train an animal to respond to a difference 
between two stimuli either of which may be made the variable, 
it is important to know whether the animal is reacting on the 
basis of relative difference, or by choosing or rejecting a familiar 
stimulus. Ifin work on this problem, the animal can be trained 
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invariably to compare the test-fields and choose the coarser 
system regardless of the absolute width of its members, it would 
seem feasible to adopt the method of right and wrong cases, 
presenting in haphazard order large and small differences in 
both directions from the standard, and to treat the results 
statistically. The advantages of using such a method in pre- 
ference to the cruder methods on which we have thus far had 
to rely are obvious. 


TABLE 1 
DAILY RECORD OF CHICK 2 
Width (mm.) 
of striae on Number of 

Date Positive Negative Trials Correct 

1914 field field given responses Remarks 
Feb. 13 2623 0.92 10 8 Not worked on days for which 

ale 2} 0.92 10 10 no record is given 

5 Os 0.92 10 9 

S16 Dees 0.92 10 9 

ae SNP DPS 0.98 10 8 

ames DIS 0.98 10 8 

we TS) 223 0.98 10 9 

220 es 0.98 10 8 

i Al 2023 0.98 10 8 

S22 2.23 0.98 10 9 

oe 23 De® 0.98 10 9 

eal Doe 0.98 10 10 

WS 7,03 0.98 10 10 

20 223 0.98 10 10 

mae k nes 1.00 10 10 : 

Sey 28 iy 13) 1.02 10 8 Disturbed by punishment 
Mar. 1 Dace 1.02 10 10 

e 2 RGR: 1.08 10 8 

3 Zeon 1.08 10 10 

“: 3 DA Ps ik ah 10 9 

a 4 Vi 2 ital 10 9 

« 5 TAs ip tal 20 15 Greatly excited by punish- 

¢ 9 2e23 Om ul 10 10 “ment 

om hE 2.23 OF da 10 10 Responses very slow 

| AWA Zee Qi abih 10 10 Responses very slow 

eels 7 ES Ost 10 10 More active. 

Sele. Dee Onda: 10 10 Active 

oe AS PAGE 0.11 10 10 Active 

£2 16 23) ORL 5 5 

Sa G DE 1.04 5 5 

£16 Yh. BS} 1.11 10 10 

ee ly 2223 1.08 5 4 

ee Le DTS deal aD 5 

a ale eee ileal 10 10 

eo 18 2823; heal B 5 

cy 13 Vs dels 5 5 a 

a Ome cs 23 1.18 20 18 

19) And. 23 aS 5 5 

S19 2523 1.18 5) 4 
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TABLE 1—Continued 


Width (mm.) 
of striae on Number of 

Date Positive Negative Trials Correct 

1914 field fiel given responses Remarks 
Mar. 19 PD ORB IL Be 20 16 

ree! 0) DP ley 5 4 

20) DDS 22 5 5 

ee 20) Das 1.28 20 11 Taken as threshold _ 

20 noe 0.92 10 10 Given as test of bird’s con- 

oe A 2523 1, dbal 10 10 dition : 

Ce DAL 4.33 Boe 10 3 es familiar field against 

Sees 2: 4.33 223 10 4 punishment 

23 2) 02} iL, i 10 8 A , 

a 3 Al BR 2m S 10 4 eee familiar field against 

ac 4.33 2) 33 10 2 punishment 

ee 2.28 0.92 10 9 

teas 1.95 0.92 10 10 

eS SPAS) 1 763 0.92 10 8 

a ere 1.95 0.92 5 5 

220 ns 0.92 5 & 

45 26 1.56 0.92 5 5 

oo AS 1.42 0.92 10 if 

OS OE 1.56 0.92 10 9 

He Oe 1.42 0.92 5 5 

tee 1.30 0.92 10 di 

el 73 1.42 0.92 5 5 

1-28 130) 0.92 10 5 Taken as threshold 
Apr. 5 2.60 0.98 10 9 

fe 6 2.60 1.04 10 9 

C 7 2.60 1.04 10 8 

& a 2.60 Wald 10 9 

& 8 2.60 iat 5 5 

s 8 2.60 1.20 5 5 

a 8 2.60 180) 10 9 

O 9 2.60 1.39 5 4 

a 9 2.60 1.44 5 4 

& 9 2.60 153 10 10 

O 9 2.60 Wee 10 6 Taken as threshold 

als 3.12 1.04 10 10 

ithe ANG 8.12 1.04 10 10 

Sata. 8h 112 1.04 10 10 

Seals 3.12 ead 5 5 

lS ealie, 120 5 5 

ea} Sale 1.30 5 5 

Ses big) eae, 5 4 

eeelS Sake 142 10 10 

SRG) Sel2. 1.42 Fy 5 

ire 720) 3.12 1.56 10 8 

oe? 33,0 117} 1.56 10 8 

eo) Sale 1.56 20 15 
May 1 Sale, 1.56 10 8 

f 2 3.12 1.56 10 806 

3 Sake, 1.56 10 9 

e 3 Sal2 lees 10 8 

al 4 3al2 1.30 5 5 

g 4 Sale, 1.81 10 Wf Taken as threshold 

iS 5) ome 1730) 5 5 
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TABLE 1—Continued 
Width (mm.) 


of striae on Number of 
Date Positive Negative Trials Correct 
1914 field field given responses Remarks 
May 5 Salle 1.90 10 6 
be 5 Bel2 1.04 5 5 
. 5 2.60 1.04 5 5 
: 6 Doe 1.04 5 5 
x 6 1.95 1.04 10 6 Greatly excited by punish- 
€ if ee 1.04 10 8 Still excitable {ment 
all Za2s 1.04 10 9 
ia AY 2.23 1.04 10 10 
“" J2 1.95 On 10 10 
SD: Lees Oe 10 8 
ot nik lS 1.04 5 5 
S13 1256 1.04 10 8 
LS 1.44 1.04 10 6 Taken as threshold 
eS} Sele 1.04 5 5 Taken as test of bird’s con- 
Se! 1.30 0.74 10 10 dition 
oak! 1.20 0.74 20 16 
eet. ileal 0.74 10 8 
ESS 1.30 0.74 10 10 
eK) 1.04 0.74 10 6 Taken as threshold 
TABLE 2 
DAILY RECORD OF MONKEY 2 
Width (mm.) of striae on Number of 
Date Positive Negative Trials Correct 
1914 field field given responses Remarks 
June 7 T5611 0.780 10 6 Very inactive 
- 8 1.561 0.780 10 4 
Me 9 R560 0.780 10 7 
49) 1. 561 0.780 10 7 
Be ail 1.561 0.780 10 8 Compared in 9 trials 
el, 1.561 0.780 10 9 
és 13 1561 0.780 10 10 
agi 1.561 0.780 10 10 
es ool 0.780 10 10 Not worked on days for 
Ly. 1.561 0.822 10 10 which no record is given 
aN 50 0.867 10 10 
SAS 1.561 0.908 10 10 
20 1.561 0.976 10 10 
me nea 1.561 1.041 10 10 
a PA! 1.561 Talis 10 10 
ees 1.561 1e20n 10 10 
HS 1.561 1.301 10 10 
ee, 1.561 1.301 10 9 
es! 1.561 1.301 10 4 
ee) 1.561 130 10 fi 
<> 30 i561 1.301 10 ff 
uly eee 1.561 1.301 10 5 
£ 1 1.561 0.976 5 5 
. 2 1.561 0.976 5 5 
- 2 1.561 We Ales 5 5 
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TABLE. 2—Continued 


Width (mm.) of striae on 


Positive Negative 


field field 
1.561 1.301 
2.602 1.561 
2.602 1.561 
2.602 1.561 
2.602 1.561 
2.602 1.561 
2.602 1.561 
2.602 1:561 
2.439 1.561 
2.439 1.561 
2.296 1.561 
2.296 1.561 
Tiree OSs «sy, CbSDOL 
2.168 1.561 
2,001... t,i1. 562 
1.904 1.561 
1.904 1.561 
1.904 1.561 
L815... 1.561 
1ES1> 6 ieee 
1.734 1.561 
1.815 1.561 
1.815 1.561 
W774 1.561” 
1.774 1.561, 
0.780 0.446 
0.780 0.446 
cx 0. £80 0.446 
‘0.780 0.446 
0.780 0.446 
0.780 0.446 
0.780 0.446 
0.780 0.520 
0.780 0.520 
0.780 0.538 
0.780 0.558 
0.780 0.578 
* 0.780% 0.520 
0.780" 0.578 
0.780 0.600 
0.780 0.520 
0.780 0.558 
0.780 0.624 
0.780 0.520 
0.780 0.558 
0.780 0.650 
0.780 0.520 
0.780 0.558 


Number of 


Trials Correct 
given responses 


10 8 
10 6 
10 a 
10 8 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 9 
10 10 
10. 9 
20 19 
10. 9 
10 10 
10 10 
10 6 
“10 9 
10 9. 
10 ii 
10 a7 
10 6 
10 4 
10 9 
10 i 
10 10 
10 10 
10 10 
10 9 
10 9 
10 10 
10 10 
10 8 
3 3 
2 2 
10 10 
2 2 
3 3 

10 TOu 
2 2 

3 She 
10 10 
2 2 
3 3 
12 fe 
a 
1 

Bie 

aut 
8 


Remarks 
Taken as threshold 


Taken_as threshold 


In bad condition since July 


Refused food 


[24 


Date 
1914 
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TABLE 2—Continued 


Width (mm.) of striae on Number of 
Positive Negative Trials Correct 
field field given responses 
0.780 0.600 10 ) 
0.780 0.661 10 9 
0.780 0.600 10 9 
0.780 0.667 10 10 
0.780 0.600 10 10 
0.780 0.673 10 5 
1.040 0.780 10 10 
0.918 0.780 10 10 
0.918 0.780 10 10 
0.909 0.780 10 9 
0.918 0.780 10 10 
0.897 0.780 10 10 
0.918 0.780 10 9 
0.890 0.780 10 ff 
0.650 0.520 10 10 
0.624 0.520 10 10 
0.624 0.520 10 10 
0.615 0.520 10 8 
0.624 0.520 10 8 
0.610 0.520 10 7 
0.624 0.520 10 9 
0.605 0.520 10 a 
0.520 0.390 10 9 
0.520 0.400 10 9 
0.520 0.411 10 10 
0.520 0.422 10 9 
0.520 0.434 10 10 
0.520 0.446 10 9 
0.520 0.459 10 if 
0.520 0. 446. 10 8 
0.520 0.467. 10 8 
0.520 0.434 10 8 
0.520 00473". 10 9. 
0.520 0.434 - 10 10 
0.520 0.479: 10 1 
0.520 04345 10 10." 
0.520 0.488 10 6. 
0.459 0.390 20 ge 
0.459 0.390 10 10 
0.446 0.390 ~ 10 8 
0.459 0.390 10 10. 
0.441 0.390 | 10 8. 
0.459 0.390: 10 10 
0.436 0.390 10 oO 
0.459 0.390 9 9 
0.431 0.390. val 10: 
0.459 0.390 10 NOs 
0.427 0.390 10 te 
0.459 0.390. 10 10. 
0.422 0.390. 10 10 
0.459 0.390. - 10 10 
0.417 0.390° 10 & 
0.459 0.390. 10 10 
0.413 0.390: 12 8. 


Remarks 


Taken as threshold 


Taken as threshold 


zy 


Taken as threshold 


\ 


- Taken as threshold. 


: ‘Taken as threshold. 


Lie 
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TABLE 2—Continued 


Width (mm.) of striae on Number of 
Date Positive Negative Trials Correct 
1914 field field given responses Remarks 
Octaae! 0.459 0.390 10 9 
. 1 0.409 0.390 10 7 
- 2 0.390 0.325 10 10 
y 2 0.390 0.339 10 Uf 
“ 3 0.390 0.339 10 9 
« 4 0.390 0.339 10 10 
Ny 5 0.390 0.339 10 10 
i 5 0.390 0.347 10 9 
s 6 0.390 0.339 10 10 
” 6 0.390 OF355 10 8 
+ i 0.390 0.339 10 8 
a a 0.390 0.358 10 10 
ES 0.390 0.339 10 10 
: 8 0.390 0.361 10 7 
~ 9 0.390 0.339 10 10 
! 9 0.390 0.365 10 9 
“710 0.390 0.339 10 10 
eee lO 0.390 0.368 10 10 
ofS ala 0.390 0.339 10 9 
aki 0.390 Oa! 10 7 
A 0.390 0.339 10 9 : ; 
eae? 0.390 0.371 10 if Taken as threshold 
foe3 0.347 0.312 20 19 
Sf ell 0.347 0.312 20 15 Distracted by noise outside 
Bo AS 0.372 0.312 10 8 
he 58) 0.347 0.312 10 7 
Nov. 11 0.390 0.312 20 le 
12 0.390 0.312 20 15 
oo ig} 0.390 0.312 20 15 
ale 0.390 0.312 15 12 
peel 0.390 0.312 15 15 
ANG 0.434 0.312 20 16 
eZ. 0.422 0.312 20 20 
earls 0.411 0.312 10 10 
a ks} 0.400 0.312 10 9 
“a IG 0.390 0.312 20 17, 
= 7) 0.381 0.312 20 20 
eH OBS 72 0.312 10 10 
Leal 0.363 0.312 10 10 
Seno, 0.354 0.312 10 10 
eT Pe 0.346 0.312 10 9 
PE 0.346 0.312 10 10 
O28} 0.339 0.312 10 8 
Mh 0.346 0.312 10 8 
oS Mh OF335 0.312 10 9 
th AS) 0.346 0.312 10 9 
NS 0.332 Opsl2 10 9 
oS 0.346 0.312 10 9 
OS 0.328 0.312 10 9 
SPH 0.346 0.312 10 10 
yea OF3250— Oxs12 10 10 
carecs 0.346 0.312 10 8 
28 0.321 0.312 10 8 
“29 0.346 0.312 10 9 


< 


RP RFR RRR RRR RRRR RR RRR RRA RRR RAR RAR 
. 


_ 
LK 


SEN NCH ed dt SSS eee aed el el ll ol ell el aed ae eee al al dt al 
wo NN HPOCOCCODHAMMNTIE PWWNHHHODOWOWDUOMWONONINAOUUOP PWWR DHE 
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TABLE 2—Continued 


Width (mm.) of striae on Number of 
Positive Negative Trials Correct 
field field given responses Remarks 
0.321 0.312 10 By Taken as threshold 
0.312 0.260 20 16 
0.312 0.260 10 10 
0.312 0. 264 10 10 
0.312 0.269 10 10 
0.312 0.274 10 10 
0.312 0.279 10 10 
ORI? 0. 284 10 10 
0.312 0.289 10 9 
0.312 0.294 10 9 
0.312 0.284 10 9 
0.312 0.298 10 9 
0.312 0.284 10 10 
0.312 0.300 10 8 
0.312 0. 284 10 9 
Usci2 0.304 10 8 Taken as threshold 
0.312 0. 284 10 10 
0.312 0.306 10 5 
0.312 0.284 10 8 Control test to determine 
0. 284 0.260 10 10 basis of choice 
0.244 0: 223 10 9 
0.240 0.223 10 10 
0.236 02223 10 9 
0.244 0.223 6 6 
0.234 0.223 10 8 
0.232 On225 15 Bl 
0.244 0.223 10 9 
0.232 0.223 10 7 Taken as threshold 
0.223 0.199 10 9. 
05223 0.199 10 9 
0.223 0.199 10 9 
0.223 0.200 10 10 
0.223 0.200 10 10 
02223 0.203 10 10 
02223 0.203 10 10 
0.223 0.208 10 9 
0.223 0.203 10 9 
OF223 0.210 13 
09223 0.203 10 10 
0.223 0.210 10 8 
0.223 0.203 10 10 
0.223 0.210 10 8 Taken as threshold 
0.195 Onis 10 9 
0.195 0.173 10 9 
0.192 0.173 10 7 
0.195 0.173 10 wats) 
0.192 0.173 10 9 
0.200 0.173 10 9 
0.190 Ons 10 ets 
0.200 ORL73 10 9 
0.190 0.173 15 11 Taken_as threshold 
0.780 0.520 20 19 
0.780 0.538 10 10 
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TABLE 2—Continued 


Width (mm.) of striae on Number of 

Date Positive Negative Trials Correct 

1914 field field given responses Remarks 
Mar. 5 0.780 0.558 10 10 

i 6 0.780 0.577 10 10 

G 6 0.780 0.600 10 10 

ee 8 0.780 0.624 10 9 

a 8 0.780 0.650 10 10 

O 9 0.780 0.678 10 10 

c 9 0.780 0.709 10 9 

2 0) 0.780 0.709 10 8 

STG, 0.780 0.723 10 8 

i alah 0.780 0.678 10 8 

Os lil 0.780 0.729 10 8 

NY 0.780 0.678 10 9 

12 0.780 0.731 10 10 

als) 0.780 0.678 10 10 

GS 0.780 0.743 10 8 

He Taal 0.780 0.678 10 10 

Stl 0.780 0.750 10 7 

Cees 0.780 0.678 10 10 

pk cor Hs) 0.780 -Q.750 10 7 Taken as threshold 

sy 16 0.975 » 0.780 10 9 

&" 16 0.918 0.780 10 10 

Eel 0.867 0.780 10 9 

Same 0.848 0.780 10 

alte 0.867 0.780 10 10 

oe AS 0.839 0.780 10 8): 

Gig 0.867 0.780 10 oF 

e119 0.830 0.780. 10 OF 

Sea ee OP OGG 0.780 10 10 

Be Al 0.822 0.780 10 9 

a 0.867 0.780 10 10m 

eee? 0.813 0.780 10 10 

os} 0.867 0.780 10 On 

GS IB 0.805 0.780 10 9 

iS 0.867 0.780 . 10 9 

He PAS) 0.805 0.780 10 9 

26 0.867 0.780 10 9 

S26 0.796 0.780 10 6 

GPE 0.867 0.780 10 9 ae 

Or a 0.796 0.780 10 6 ~ Taken as threshold 


. 


If the reader will now examine the daily records of Chick 2 
and Monkey 2, shown in tables 1 and 2 respectively, he may 
observe that the chick was usually disturbed when he was re- 
quired to avoid a field which he had recently been in the habit 
of choosing. The records for 21 to 24 March, 1914, exhibit 
this fact strikingly. Monkey 2 tended to respond in this way 
in the earlier stages of the work, but later overcame the ten- 
dency. On December 8, 1914, I made. a control: test, which 
tends to make the fact clear. In the week immediately pre- 
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ceding this test I had required him to choose a field each stripe 
on which was 0.312 mm. wide, and to reject a field each stripe 
on which was 0.284 mm. wide. He chose correctly in 48 out 
of 50 trials. In this control test I presented the 0.284 mm. 
system ten times with a system each member of which was 
0.312 mm. wide, and ten times with a system each member of 
which was 0.260 mm. wide. The animal was required to choose 
the coarser system at each trial, thus choosing the 0.284 mm. 
system ten times and rejecting it ten times in the same daily 
series. The results are shown in table 3. 


TABLE 3 
Width (mm.) of striae on Relative Field 
position chosen 
Positive Negative of positive by the 
Trial field field field animal Remarks 
1 O3312 0. 284 Right Right Compared before choosing 
2 O23i2 0.284 Right Right . ia 
3 0.312 0. 284 Left Left - ie . 
4 0. 284 0. 260 Left Left a : “ 
5 0.284 0.260 Right Right zs i “ 
6 0. 284 0. 260 Right - Right . i i 
7 0-312 0.284 Left Left s Se 
8 0.312 0.284 Left Left — iy 
9 0. 284 0. 260 Right Right < £ i 
10 0.284 0.260 Right Right_ “ Ss 
11 0.312 0. 284 Left—— Left 4 
12 0.312 0. 284 Right Right - 
13 0-312 0. 284 Right Right - “ M 
14 0.284 0.260 Left Left . i 
15 0. 284 0.260 Left Left : s s 
16 0.284 0.260 Right Right finan : < 
LG, 0.312 0.284 Right Left Chose without comparing 
18 0.312 0.284 Right Left ‘ # e 
19 0. 284 0.260 Left Left _ ie iy 
20 0. 284 0.260 Left Left : : M 


The animal was punished for choices 17 and 18. He had 
usually shown a preference for the left-food-compartment. In 
trials 17, 18, 19, and 20 he inspected the left field only. The 
field presented on that side at these trials was the field which 
he had correctly chosen in trials 14, 15 and 16. At trials 1 to 
16, inclusive, he inspected both fields before choosing, and in 
every case he selected the relatively coarser system, regardless 
of the absolute width of its members. I believe that this animal 
could have been adapted by training to study by the standard 
method of right and wrong cases. . Chick 2 gave no such promise. 
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The tendency of Chick 2 to respond by choosing or rejecting 
the familiar stimulus differs from the behavior of some birds 
used by Bingham,* which chose the larger of two circles and 
avoided the smaller without regard to the absolute size of the 
larger, and without regard to its previous association with re- 
ward or punishment. The comparison is worthy of mention as 
it seemingly points to an individual difference.* Bingham, how- 
ever, gives no details which indicate how nearly unanimous or 
how consistent his birds were in manifesting this form of behavior. 


AN INCIDENTAL OBSERVATION 


One incidental feature of the behavior of Monkey 2 seems 
deserving of special mention. As was remarked above, I used 
a plate glass partition across the entrances of Alleys A1 and A? 
of the Yerkes box. This partition contained two rather small 
holes through which the animal had to squeeze himself in order 
to enter the alley. On two occasions—June 16, 1914, and 
March 14, 1915, I neglected to insert this partition before giving 
the first trial of the daily series. On each occasion the animal 
refused to enter either alley. When I looked into the box to 
ascertain the cause of his delay in responding I found him grop- 
ing in large semi-circles with his hands near the plane in which 
the glass partition belonged, and uttering frequent vocal excla- 
mations. It was necessary to recall him to the home-com- 
partment and insert the partition. It appeared from this be- 
havior that he had become habituated to disregarding the par- 
tition as a visual object. 


RELATIVE EASE OF DISCRIMINATION 


In tables 4 and 5 I have summarized the values taken as 
“thresholds” for the two animals. The reader may see how 
these values were obtained by referring to tables 1 and 2, in 
which the animals’ daily records appear. Whenever there 


’ Bingham, H.C. Size and form perception in Gallus domesticus. This journal, 
vol. 3, 1913, pp. 65 ff. 


6 Watson (Behavior p. 367) refers to the difference between the behavior of 
. my chick and those of Bingham’s as indicating that “this (Bingham’s) observa- 

tion cannot be confirmed.” This interpretation is not mine. Had all the birds 
been worked on the same problem I should not have considered that the behavior 
of one bird was predictable from the behavior of a few others. But the two prob- 
lems are so different that there is little basis for comparison. 
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seemed room for doubt whether the animal’s errors were due to 
the magnitude of the stimulus-difference or to disturbance from 
some other cause, I presented a larger difference at a number 
of trials in the same daily series with the smaller difference. If 
all or most of the incorrect choices were made at the small 
stimulus-difference, I concluded that discrimination at that stim- 
ulus-difference was becoming difficult; if the animals’ percentage 
of correct choices was low for the large stimulus-difference as 
well, I assumed that the source of disturbance was extraneous. 

The values obtained on the two animals are not strictly in- 
tercomparable. In work on the monkey I reduced the stimulus- 
difference by smaller gradations than I could use in the work 
on the chick, owing to a limitation of the optical instrument 
by which the field was formed. As the angle of rotation of the 
gratings over each other becomes very small, as is the case 
where the width of the visible stripes thus formed is large, a 
very slight change in the angle of rotation makes a large differ- 
ence in the width of the visible stripes. In the work on the 
monkey a larger angle and smaller gradations could be em- 
ployed, since he was sensitive to much smaller widths than was 
the chick under similar conditions. I took for ‘“‘threshold-differ- 
ences’’ for the monkey the differences at which his average per- 
centage of correct choices most nearly approximated 75. For 
the chick I took the stimulus-difference at which the first break- 
down of discrimination not apparently due to disturbance from 
other causes occurred. This procedure is open to criticism in 
that I did not ascertain to what extent the bird could be made 
to overcome his uncertainty by continued training. At the 
time, however, this: bird did not react well under punishment. 
As soon as the stimulus-difference became relatively small he 
usually refused to inspect both fields and adopted a position- 
habit. I recognized this defect in the procedure, and in a later 
piece of work attempted to settle the question.’ I found that 
this bird could be made to improve to a limited extent after 
very long continued training. The degree of improvement which 
I was able to elicit is not sufficiently large to invalidate the 
results herein presented as the rough approximations of the 

7 Johnson, H. M. Visual pattern-discrimination in the vertebrates. IV. Effec- 


tive differences in direction of visible striae for the monkey and the chick. To 
appear in this journal. 
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limits of the bird’s discriminative ability which I regard them 
as being. It will be seen that the threshold-values for the chick 
vary irregularly from 33% to 42% of the width of the striae 
on the standard field. The variations may be explained by 
assuming that discrimination was difficult throughout this region 
of stimulus-differences. If the bird received punishment several 
times in close succession shortly after the difference approached 
this region, he ‘‘gave up” earlier, and yielded a larger ‘‘thresh- 
old’”’ than if his errors were more widely distributed. 

Table 5 also shows a great disparity between the “‘upper’’ 
and the “‘lower’’ threshold values given by the monkey when the 
width of the striae on the standard field was 0.520 mm. This 
fact pointed to a large effect of practice. The magnitudes of 
the thresholds obtained at the smaller values of the standard 
stimulus are so much lower than those obtained in the earlier 
stages of the work at the larger stimulus-values, that it was 
necessary to make a control test to discover if these differences 
were not due to the effect of training, instead of being a function 
of the absolute width of the striae. This test was made between 
March 4, 1915 and March 27, 1915. It shows quite clearly that 
the differences were due to the effect of training. The results 
suggest strongly that if training had been continued sufficiently 
long after the full effect of practice had been obtained, the 
values for all the difference-thresholds where the striae -on the 
standard field were over 0.3 mm. wide would have borne a rela- 
tion to the absolute width of the members of the standard sys- 
tem analogous to Weber’s law for brightness. This relation 
probably does not hold for absolute widths below 0.2 mm., 
under these experimental conditions, since such fine systems 
become increasingly hard for the monkey to distinguish as 
striate. Due to pressure of other work and the small likelihood 
of Monkey 2 living through many more months, I did not feel 
justified in carrying this exploratory study farther at the time. 
Should a similar study ever be made, it would seem advisable 
to select fewer points at which to determine the animal’s thres- 
hold, and to give a large number of presentations—several 
hundred, at least—of a number of differences in either direction 
from each point. In work on another problem with this animal 
I found such procedure quite fruitful. 
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TABLE 4 
THRESHOLD CONDITIONS FOR CHICK 2 
Width of striae on Difference 
Soa ite ee Per cent. width: . Mean.of upper 
Positive Negative on standard and lower 
field field field thresholds Remarks 
SS Sagheel 1.28 mm. 42 
1.30 « *0).92 - 41 
2260“ Se 33 
estate te i Rtea Ye 42 
1.44 - 04 -: 38 
EOS 2¢ +0. 745 4 40 
TABLE 5 
THRESHOLD CONDITIONS FOR MONKEY 2 
1.774 mm. *1 561 mm. 14 : 
SH sisepll 7 Ge 1.301, * 17 115), 5) 
0.890 “ +05 780'< 14 
+02 780. < 0673555 14 14 
0:610° 4 =055200“ if 
“(elas O:479> 8 LES) Note training-effect 
0.413 « *0.390 « 5.9 
Ops.8) O-s7ie 4 4.9 5.4 
Chaya! a F003) ot 2.9 
When Ox304 ene 2.6 2.8 
On232eee #OR223 et 4 
+092 23 58 03210506 5A8 4.9 
OL19088" SO 3) 9.8 
0.796. « £0780" 2 
3.8 2.9 ., Note training-effect 


ON 730i 02750) < 
* Standard stimulus. 


COMPARISON WITH HUMAN SUBJECTS 


A comparison of the relation between the absolute stimulus- 
value (expressed in terms of width of striae on the standard 
field) and the minimal effective differences for the animals with 
that obtained for human subjects is of some interest. Accord- 
ingly I determined this relation for two human subjects by means 
of the method of limits, using the same visual conditions as for 
the animals. The magnitudes of the thresholds obtained on 
the human subjects by the method of limits are not to be com- 
pared with those obtained by the discrimination-method on the 
animals. A threshold-value obtained by the method of limits 
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is generally smaller than one obtained under the same conditions 
by the method of right and wrong cases, of which the discrimi- 
nation-method is a special and rough adaptation. The relation 
between the absolute value of the standard stimulus and a 
series of thresholds obtained by either method ought to vary in 
the same way. This comparison between the two sets of data 
is the only one which I wish to be made directly, although the 
values obtained for the monkey and for the human subjects 
indicate that their sensitivities are of the same order. The two 
human subjects were Dr. A. G. Worthing (W), a member of 
the research staff of this laboratory, and Mr. B. E. Shackelford 
(S), of the University of Chicago, late Brush fellow in this labo- 
ratory. Both observers are physicists possessed of a high degree 
of skill in optical pyrometry—one of the most difficult types of 
photometric measurements. Perhaps it should be remarked 
that both observers considered the visual conditions in the 
present experiment quite trying. An hour or more was usually 
required for making ten paired readings, which constituted a 
single sitting. The results are summarized in table 6. 


TABLE 6 Mean 
Width of Mean variation Mean 
striae on Upper Lower threshold per cent threshold 
standard threshold threshold . per cent ‘mean for the two 
field (mm.) in mm. in mm. standard threshold observers 
0 780{ 0.026 0.020 Sa0 58 236 
: S 0.019 0.012 Beil 45 
W 0.007 0.009 Pall 28 2.8 
0.390{9) 0.014 0.013 a6 ze} 
0 260{ 0.009 0.008 Bi esl 40 3.0 
: Si 0.006 0.008 Det 27! 
0 195{ 0.006 0.006 Bil 49 3.9 
Z S. 0.009 0.008 ANT. 34 


The relation between absolute width and magnitude of the 
threshold for the animals and the two human observers is shown 
graphically in the accompanying figure. The average threshold 
for the two observers at each stimulus-value was taken merely 
for convenience in plotting on the scale selected. 


SUMMARY 


A very large effect of practice was found in the work on the 
monkey, which indicates the desirability of modifying the dis- 
crimination-method for use on the higher mammals. 
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When the full effect of practice has been obtained, Monkey 
2, under optimal conditions, can distinguish differences in width 
of striae of less than 3%. These values are of the same order 
of magnitude as those obtained by the method of limits on two 
human observers possessed of unusual skill in photometry. 
Chick 2 ceased to discriminate when the difference in width of 
striae was reduced to a value between 33% and 42%. The 
relatively poor results of the chick were not due to errors of 
refraction, as both his eyes were emmetropic. 

The discriminative ability shown by the monkey is on the 
average roughly ten times as great as that shown by Chick 2. 
His visual acuity, however, is only four to five times as good 
as that of the same bird. This disparity suggests that differ- 
ence of width between two systems of visible striae constitutes 
a more difficult basis of discrimination for the chicken than 
the mere presence or absence of the striae. The fact that Chick 
1 did not learn the problem, although width-difference was effec- 
tive for him when presented with an ineffective difference in 
direction, lends support to this belief. 

Nothing in the above work indicates that Chick 2 might not 
have yielded a lower threshold had training been sufficiently 
prolonged. A later experiment, however, indicates that the 
chick’s susceptibility to improvement under prolonged training 
is not sufficiently large to affect the order of difference between 
his results and the monkey’s which appears in this work. 

For all the subjects, both human and animal, the relation 
between absolute size of detail and effective difference in size 
approximates an analog of Weber’s law. 

For the chick, familiarity was a more effective stimulus- 
characteristic than relative size of detail, and the bird never 
overcame the tendency to respond on that basis without con- 
tinued retraining. The monkey eventually learned to respond 
on the basis of relative size. His results suggest that he is 
adaptable to study by a method of much greater precision than 
the method which was actually employed. 

In conclusion I wish to thank Dr. P. W. Cobb for the work 
of refracting the eyes of the animals, and for making the photo- 
metric determinations for me; also, Dr. A. G. Worthing and 
Mr. B. E. Shackelford for their cheerfulness in undertaking the 
tedious observations. i 
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VISUAL PATTERN-DISCRIMINATION IN THE 
VERTEBRATES—IV 


EFFECTIVE DIFFERENCES IN DIRECTION OF VISIBLE 
STRIAE FOR THE MONKEY AND THE CHICK 


H. M. JOHNSON 
Nela Research Laboratory, National Lamp Works of General Electric Company 


The purpose of the experiments described’ below was to ascer- 
tain how small a difference in direction of two regular systems 
of visible striae will condition the responses of animals possess- 
ing eyes of different types. In this work I used the “‘discrimi- 
nation method” described by Yerkes and Watson,: feeding the 
animal in a compartment of the training box indicated by the 
“positive” test-object, and punishing him for attempting to 
enter the food-compartment indicated by the “negative’’ test- 
object. A detailed description of the method of training and 
of preparing the stimuli has appeared in an earlier report.? 
In the present work the discriminands were two circular fields, 
6 cm. in diameter and 6.24 candles per square meter in bright- 
ness. The energy-distribution in the visible spectrum approx- 
imated that of a tungsten lamp operated at a specific consump- 
tion of 1.25 watts per candle. Both fields were covered with 
alternate dark and bright striae equal in width and separation. 
The chicks and the monkey had previously demonstrated their 
ability to react with perfect accuracy under the experimental 
conditions to the presence or absence of the striae from the 
test-field. The striae on the positive field were horizontal; those 
on the negative field deviated from the horizontal direction by 
a definite and variable amount. In the beginning.of the train- 
ing the difference was 90°, and was decreased by small grada- 
tions after the animal had formed the habit of invariably choos- 
ing the food-box indicated by the positive test-field. 


1 Yerkes, R. M. and Watson, J. B. Methods of studying vision in animals. 
Behavior Monographs, vol. 1, no. 2, 1911. 

2 Johnson, H. M. Visual pattern-discrimination in the vertebrates. I and 
II. This journal, vol. 4, 1914, pp. 319-361. 
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THE ANIMALS USED 


The four animals used in the present study were described 
in the earlier report just cited, and were therein designated 
severally as Dog 1, Monkey 2, and Chicks 1 and 2. Dog 1 
failed to learn the problem. This experiment is a part of a 
special study of that animal’s vision. His results are interesting 
only when considered in connection with those obtained in the 
other work, so I shall reserve them for a separate report. Chick 
1 also failed to learn the problem in 800 trials. He had a large 
refractive error (1.5 D. hyperopia) in the right eye, and was 
also very easily excited by punishment or by unusual noise, 
so that he would refuse to work in the experiment-box. Event- 
ually he was blinded in the left eye during a fight, and I did not 
resume experimentation on him. On account of lack of space 
I shall not include his daily records in this report. Chick 2, 
both of whose eyes were emmetropic, had distinguished as 
striate a system each member of which was 0.78 mm. wide at 
a distance of 60 cm. from the eye; the width under threshold- 
conditions for Monkey 2 being 0.163 mm. at the same distance. 
Chick 2 had also yielded a difference threshold for width of visi- 
ble striae of 33% to 42%, and Monkey 2, a series of thresholds 
as low as 3% under optimal conditions. 

In the course of the work some serious interruptions occurred. 
In September, 1914, Chick 2 acquired a severe white diarrhoea, 
and became greatly weakened. He finally refused to eat, and 
all the masculine characteristics of his behavior disappeared. I 
transferred him to an out-door yard where he had plenty of 
range. He showed improvement in a few days, and made a 
complete recovery in three months. Meantime his comb grew 
very large and depended over the left eye, largely occluding 
the visual field on that side. I amputated the comb March 6, 
1915, and resumed retraining on the 10th. On the 20th he 
became engaged in a fight and was nearly killed. Other uncon- 
trollable conditions then intervened and prevented the resump- 
tion of work until June 16, 1915. 

Monkey 2—a frail and probably tubercular little animal—also. 
sickened May 21, 1915. He refused food and in two days be- 
came too weak to stand alone. I moved him to a room where 


* Johnson, H. M. Visual pattern-discrimination in the vertebrates. V. A demon- 
stration of the dog’s deficiency ‘in detail-vision. To appear in this journal. 
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he could be kept in direct sunlight most of the day, and used 
forcible feeding on milk and raw eggs for ten days, during which 
time his condition began to improve rapidly. He became quite 
wild as a result of such handling, and I dared not resume work 
with him until June 15, 1915. On August 1 following, he fell 
from a steam-pipe six feet from the floor and sustained a par- 
tial fracture of the right femur and the left tibia. He made 
a fair recovery, but is still occasionally excited by unusual 
handling. 

While these accidents render the results somewhat ragged in 
appearance, they occurred after the preliminary training had 
been completed. They probably do not affect the validity of 
the results. 

RELATIVE EASE OF LEARNING 

The daily records for the two animals appear in tables 1, 2-A 
and 2-B. They show a striking difference in the relative ease 
with which the animals learned the problem. Chick 2 required 
585 trials, distributed over 58 days, to establish a habit of 
highly accurate choosing. It should be noted, however, that 
the bird showed consistent improvement in less than 400 trials. 
The average percentage of correct responses for the 195 trials 
given between July 12 and August 17 is 87. The monkey, on 
the other hand, learned the problem in the first daily series of 
20 trials, during which he made only two incorrect responses. 
In learning the first problem—that of plain vs. striate discrimi- 
nation, the chicken required only 214 trials for establishing a 
perfect habit, and the monkey required 312. 


TABLE 1 
—RECORD OF MONKEY 2 
Width of striae on both fields: 0.780 mm. 


Mean brightness of both fields: 6.24 candles per sq. meter 
Direction of striae on positive (standard) field: horizontal 


Deviation from 
horizontal of 


striae on No. of No. of 
Date negative trials correct = 
1915 field given responses car Remarks 
May 18 —90° 20 18 Incorrect choices, trials 1 and 9 
20) —90° 20 20 Not worked on days for Which no 
record is given 
June 15 —90° 30 26 Very inattentive first 10 trials 
al —90° 20 20 


ae Li —90° 20 19 
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Deviation from 
horizontal of 
striae on 


Date 
1915 


ise) 


ODONNMDMD WWNHNMRRO 


negative 


field 
—90° 
—90° 
—90° 
—90° 
—90° 
—75° 
—90° 


No. of No. of 
trials correct 
given responses 

20 18 
20 20 
20 20 
20 20 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 10 
10 7 
10 10 
10 10 
10 8 
10 10 
10 10 
10 5 
10 ) 
10 7 
10 10 
10 9 
10 10 
10 9 

5 5 
15 15 
10 10 
10 a 
10 10 
10 6 
10 9 
10 10 
20 13 
20 16 
10 9 
10 9 
20 18 

5 4 
15 14 

5 4 
15 15 

5 5 
13 2 

5 5 
15 14 

5 By 
15 14 

5 4 
15 13 
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TABLE 1—Continued 


Remarks 


Very inattentive and slow 


Up to this series most choices were 
made without comparison; ten- 
dency to compare from today on 


Only records from today on are sum- 
marized in table 4 


Removed after trial 18 
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ON TABLE 1—Continued 
Deviation from 
horizontal of 


striae on No. of No. of 
Date negative trials correct 
1915 held given responses Remarks 
July 19 —8s° 20 18 
8, —8&° 5 4 
8) —7° 15 15 
we alk —7° 20 18 
eee, —7° 5 4 
i ee —6° 15 13 
= ps} —6° 20 19 
ot —6° 6) 4 
ea. —5° 1053 12 
ae. —5° 20 15 
26 —10° 5 5 
26 —5° 15 9 
a A) +30° 10 10 Records from today to Aug. 9 inclusive 
not summarized in table 4 | 
“« 29 +25° 10 10 
OU +20° 10 10 
CeO +15° 10 7 
SL +15° 20 15 
Aug. 1 +15° 20 14 Sustained severe injury in fall just 
following this series 
A 8 +20° 20 18 Still quite lame; responses slow 
- 9 +20° 20 18 
Ke +20° 10 10 Condition improved 
Sal, +15° 10 8 
all, +19° 10 10 More active 
a eh! +18° 10 10 
Sen? +17° 10 10 
ae +16° 10 9 
a alk +15° 10 8 Active 
ae as +14° 10 9 
en i4: +14° 10 10 
el +13° 10 9 
IS +13° 10 10 
CE AS +12° 10 9 
eG ies 10 8 
ANS) +11° 10 9 
See +11° 10 9 
Soe 7, +10° 10 9 
LS, +10° 20 17__. Very active 
Ie) +9° 20 18 
ee) +8° 20 19 : 
AAS +7° 20 14. Was frightened during this test; be- 
e . PAL +8° 20 Wi came wild and remained so for 
3 weeks 
cae? +8° 20 14 
i Ya! +8° 20 14 
es +10° 6 4 
Ss ald +20° 14 14 
ane 255 +15° 10 10 
S25 +10° 10 7 
US +12° 20 16 
ATR +12° 20 20 
Pi3 
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TABLE 1—Continued 
- Deviation from 


horizontal of 
striae on No. of No. of 
Date negative trials correct 
1915 field given _ responses Remarks 
Aug. 28 +11° 10 9 ; 
ome 29% +11° 20 We 
30 +11° 10 9 
30) +10° 10 i 
mero: +10° 20 We 
Sept. 1 +10° 20 15 
ate AD: +10° 20 19 
is 3 +10° 20 1, 
SiG +10° ee So ; 
i +10° 20 Al Retraining considered necessary 
we Ae) +15° 20 20 2 i 
0) ee 20 20 
ibe lib 20) 19 
12 53 20 20 
3 +15° 20 20 ; ; - 
14 +12° 20 19 = 
US +11° 20 20 : 
16 +10° 10 ia Distracted by noise outside 
(tet Osa ZO eee en 15 ; 
18 i 
18 
19 
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BA. TABLE 1—Continued 
Deviation from 
horizontal of 


striae on - No. o No. of 
Date negative trials correct 
1915 field given responses Remarks 
Oct. 29 +2° 20 zi 
Se +2° 20 16 
Nov. 2 +2° 20 16 
3 3 +2° 20 14 
~ 4 +1° 20 12 
. es +1° 20 11 
s 6 +1° 20 11 
: 7 +1° 20 12 
. 8 +1° 20 15 
TABLE 2-A 
RECORD OF CHICK 2 
Mean brightness of both fields: 6.67 candles per square meter 
Positive field Negative field 
Width Angular Width Angular 
of deviation of deviation No. of No. of 
Date striae from striae from trials correct 
1914 (mm.) horizontal (mm.) horizontal given responses 
May 21 1.56 0° iL Eis 90° 10 5 
eee 1.56 On L5G) 90° 10 3 
Seo 1.56 0° 1.56 90° 10 hi 
eA: 1556 02 1.56 90° 10 a 
E26 1356 0° 56 90° 10 @ 
DY 1756 0° 15S 90° 10 6 
eS 1.56 0° 1.56 ga° 10 Hi 
SZ aeAS NBG 0° 1.56 90° 10 6 
June 7 1.56 0° 156 90° 10 6 
e ) 1.56 0° 1.56 90° 10 ri 
eS) 1.56 OP 1.56 90° 10 6 
ie 1256 0° 56 90° 10 6 
bie INI 1.56 0° 56 90° 10 7 
eA 1.56 0° 1.56 90° 10 ih 
ae: 1.56 0° 1.56 90° 10 6 
IS 1.56 OF IASG 90° 10 5) 
SG 1.56 0° 1.56 90° 10 5 
be ie 1.56 0° iL te 90° 10 9 
ees 1.56 0° 56 90° 10 9 
ee BY, 56 Oz 1.56 90° 10 Tf 
ee) is OF 1.56 90° 10 6 
OA 1256: Oe 1.56 90° 10 5 
eee 1.56 0° 1.56 90° 10 8 
S23 556 0° 1.56 90° OF hi 
* 28 1.56 0° 1.56 90° 10 4 
ca29 1.56 Og 1,56 90° 10 a 
eC) 1.56 0° 1.56 90° 10 7 
July 1 1.56 0° 1.56 90° 10 if 
Ss ao) 0° 1.56 90° 10 i 
eS 56 OF 1.56 90° 10 fl 
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TABLE 2-A—Continued 


Positive field Negative field 
Width Angular Width Angular 
of deviation of deviation No. of No. of 
Date striae from striae from trials correct 
1914 (mm.) horizontal (mm.) horizontal given responses 
July 4 1.56 0° 1.56 90° 10 8 
CE 1 1.56 0° 1.56 90° 10 9 
<6 1.56 0° 1.56 90° 10 a 
ee 1.56 0° Le 90° 10 5 
nS 1.56 0° 1.56 90° 10 6 
a9 1.56 0° 1.56 90° 10 8 
1) 156 0° 1.56 90° 10 6 
oF asl 1.56 0° 1.56 90° 10 8 
ae le 1.56 0° 1.56 90° 10 6 
torent! 6 0° 1.56 90° 10 10 
ce 1.56 0° 56 90° 10 9 
cael 1.56 0° 156 90° 10 10 
ANS 1.56 0° 156 90° 10 9 
ST 1.56 0° 1.56 90° 10 8 
Oaks 1.56 0° 1.56 90° 10 8 
“« 19 1.56 0° 156 90° 5 3 
OA 1.56 0° 1.56 90° 10 tf 
OEE 1.56 Og 1.56 90° 10 9 
a3 1256 0° 1.56 90° 10 10 
CS 1.56 0° 1.56 90° 10 8 
Aug. WP 1.56 0° 156 90° 10 9 
he Te) 1.56 0° 156 90° 10 10 
Ca 1.56 0° 1.56 90° 10 
ASS 1.56 0° 1256 90° 20 17 
S16 1.56 OF 156 90° 10 10 
ale 1.56 0° 156 90° 10 
Ce ss 1.56 0° 1.56 90° 10 10 
« 19 1.40 0° 1.40 90° 10 9 
SZ = ese O2 1-30 90° 10 10 
S21. 1.20 0° 1.20 90° 10 9 
Os iyi! 0° Whe 90° 10 8 
es ih, a 0° Wet 90° 10 7 
Dh 1.04 0° 1.04 90° 10 9 
Seo 1.56 OF 1256 90° 6 3 
oS lr 0° ieee 90° 5 5 
S25 0.98 Os 0.98 90° 10 8 
S26 1.30 02 1530 90° o 3 
Sae2G) Tal! 0° a 90° (5) 5 
S826 0.92 0° 0.92 90° 15 of 
ON AL 1.30 0° 0.10 0° 5 uS 
eT 1.40 0° 0.10 0° 10 10 
eH 1.04 0° 0.10 0° 10 9 
tg) sO) 0° 0.10 0° 10 10 
e290 1.04 0° 0.10 0° 5 5 
sa 48) 0.98 0° 0.10 FO? 10 8 
So) 1.11 0° 0.10 0° 5 5) 
e350) 0.98 Oz 0.10 Oz 10 8 
YD) 0.92 0° 0.10 0° 10 10 
Saco 1.04 0° 0.10 0° 55 5 
Saeco 0.98 0° 0.10 OF 10 9 
Bal 0.87 0° 0.10 ie 10 6 
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- TABLE 2-B 
RECORD OF CHICK 2 


Width of striae on both fields: 1.561 mm. 
Mean brightness of both fields: 6.24 candles per sq. meter 
Direction of striae on positive (standard) field: horizontal 


Deviation from 


horizontal of 
striae on No. of No. of 
a Date negative trials correct 
| 1915 Id given —_ responses Remarks 
June 16 —90° 10 10 . Retraining records of 10-19 March 
- ae! —)” 20 13. __ omitted 
43 be ea —90° 20 18 Not worked on days for which no 
| ae ai 22 —90° 20 19 —— record is given 
Coes —g0° 20 20 
. —90° 20 17 
ie AS) —90° 20 19 
Pe) —90° ° 10 3 
| Hf —90° 10 9 
SES, —90° 20 20 
{ ae 20) —90° 20 19 
| « 30 - —90° 20 16 
| July 1 —90° 20 18 
2 —90° 20 19 
3 —90° 20 18 
6 —90° 20 15 
7 —90° 20 20 
8 —80° — +f 20 ae OS a 
9 20. : 
10 20m ———— 
11 16 bs po 
12 a ene 


SSSR DoE aR Dons 


— i" 
7 * 
eee... 
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TABLE 2-B—Continued 
Deviation from 
horizontal of 
striae on No. of No. of 


Date negative trials correct 
1915 field given —_ responses Remarks 
Aug. 9 —50° 10 
8) —45° 10 
“ 502 5 
Gs A® —45° 15 : 
ee NS —50° 10 
Sal —45° 10 
Be —45° 10 
12 —40° 10 
Es} —40° 20 
Sa 1A) —40° 20 ~ ‘ 
Sas De 5 Very excitable 
L216 —4 10 


¢) 
9 
3 
11 
8 
10 
10 
. 10 
18 
16 
3 
10 
VW 
5 
18 
19 
wag 

19 
20 
y) 
10 
18 
8 
g 
alg 
19) 
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AN ALTERNATIVE METHOD OF TESTING VISUAL ACUITY 


A very convenient measure of an animal’s visual acuity is 
the angle subtended at the eye by a single dark or bright stripe 
in a system which the animal can just distinguish as striate at 
a given distance. In the earlier experiments mentioned above, 
I obtained this value by training the animal to distinguish a 
striate field from a plain field at a distance of 60 cm. from the 
eye, and then reduced the width of the striae on the positive 
field until discrimination ceased. An alternative method con- 
sists in training the animal, as I did in the present work, to 
discriminate between a horizontal and a vertical system of equal 
width, and then gradually reducing the width of the striae in 
both systems simultaneously until the animal ceases to dis- 
criminate at the given distance. The work of Casteel‘ suggests 
this possibility, although Casteel did not attempt to control 
the factor of distance or to ascertain the limits of the animal’s 
sensitivity. A priori, we should not expect the results yielded 
by the two methods to differ greatly, provided the animal’s eyes 
were free from astigmatism in the vertical or horizontal direc- 
tion, and provided otherwise that in both cases the animal is 
responding by choosing the positive field, rather than by reject- 
ing the negative field. If experimental data confirm this ex- 
pectation, and if the second problem should prove as easy for 
an untrained animal to learn as the first, the time required 
for learning the first problem might as well be saved. I decided 
to test the practicability of this method on Chick 2. The daily 
results appear in table 2-A, between the dates of August 18 
and August 26, 1914. From August 27 to August 31 inclusive 
I repeated the test by the first method used—that of plainstriate 
discrimination, which is designated as method No. 1, and the 
other as method No. 2. In these tests, the minimal distance 
between test-field and eye at which comparison could be made 
without a choice being registered was 60 cm. The results are 
summarized in table 3. The values given under the heading 
“Width of striae (mm.)” are the widths of striae on the positive 
field for method No. 1, in which the striae on the negative field 
were invisibly small, and the widths of the striae on both fields 
in method No. 2, in which the difference in direction was 90°. 


4Casteel, D. B. Discriminative ability of the painted turtle. This journal, 
vol. 1, 1911, pp. 1 ff. 3 
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TABLE 3 
Method No. 1 Method No. 2 
Width of No. of No. of No. of No. of 
striae trials correct trials correct 
(mm.) given responses given responses 
1.56 ae ts 106 94 
1.40 Mate re 10 9 
1.30 ay By iL: 13 
1.20 a em 10 9 
ial 25 25 30 25 
1.04 20 19 10 9 
0.98 30 25 10 8 
0.92 10 10 NS 7 
0.87 10 6 Se sh 


These results indicate that the second method is feasible, and 
that uncertainty in choosing begins at nearly the same absolute 
stimulus-value whichever method is used. The relative ease of 
learning for the chick is decidedly in favor of method No. 1. 
Chick 1 failed to learn to discriminate when trained by method 
No. 2, but established a perfect habit in 443 trials when trained 
by method No. 1, despite numerous disturbing factors. Chick 2 
learned by method No. 1 in 214 trials, as against 585 trials for 
method No. 2. The results given in table 3 should not be taken 
as indicating with accuracy where the bird’s stimulus-threshold 
lies, as the training was interrupted too soon. I did not wish 
to risk spoiling the bird by frequent punishment ‘for work on 
the main problem. 


DIFFERENCE-THRESHOLD FOR DIRECTION 


The term ‘“‘threshold”’ is properly used to designate the mean 
between effectiveness and ineffectiveness of a stimulus or 
difference between stimuli, in producing a response. In the 
_ present discussion this mean ‘is assumed to have been reached 
when the stimulus-difference is effective in half the total of a 
fairly large number of presentations or “‘ trials.’”’ If the differ- 
ence were wholly ineffective, the animal should be expected, on 
the theory of probability, to respond correctly in 50% of a 
large number of trials. If the difference were always effective, 
100% of the responses should be correct. The stimulus-differ- 
ence at which the percentage of correct choices is 75 is therefore 
taken as the animal’s ‘“‘ threshold.” The accuracy of such a 
determination is indicated by the consistency of the results. 
The measure of consistency used herein is the mean variation 
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of the percentage of correct choices for the daily series of trials 
from the average percentage of correct responses for the total 
number of trials at a given stimulus-difference. 

In much of the past work on the special senses of animals 
carried on by means of training methods, the experimenters 
have trained the animals to respond to a given difference between 
the stimuli, and have then reduced the difference until the 
animals cease to discriminate. When a break-down occurs, the 
experimenters frequently discontinue the training after a few 
additional trials, and take the stimulus-value or stimulus-differ- 
ence at the breakdown as the animal’s ‘“‘ threshold.’’ In some 
earlier work I followed this procedure, having observed that in 
some instances further training confused the animal and caused 
it to sulk. In the present work I have endeavored to find the 
degree to which such confusion can be overcome by continued 
training.» The results obtained on the chicken show a training- 
effect which is important, though not relatively large; while the 
final results obtained on the monkey yielded a threshold of a 
different order of magnitude from the stimulus-difference at 
which the first break-down occurred. As appears in table 1, 
in the records from August 22 on, the monkey showed a strong 
tendency to break down at a stimulus-difference of 8° to 10°; - 
but he overcame this tendency after continued training, and 
eventually yielded a threshold in the neighborhood of 2°. Had 
I given the monkey a considerably larger number of trials at 
the stimulus-differences of —13°, —10°, +10°, +8° and +7°, 
after the full effect of training had been obtained, the average 
percentages of correct responses could be plotted against the 
stimulus-differences on a consistent and fairly smooth curve. 

The results of Monkey 2 are summarized in table 4, and 
those of Chick 2 in table 5. In compiling the results for each 
stimulus-difference, I observed the following procedure: Having 
obtained the average percentage of correct responses for the 
total number of trials, I took the average percentage of correct 
responses for each daily series, and obtained the mean variation 
of these daily averages from the average for the group. Since 
20 trials compose the standard daily series, I weighted the 

5 My adoption of this course is the result of an extensive discussion carried on 


with Professor Knight Dunlap some two years ago, regarding the se. of the 
discrimination-method, as the latter is usually employed. 
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variations from the mean of the individual daily averages ac- 
cording to the number of trials in the individual daily series 
referred to 20 as a basis. The mean variation of the averages 
of the daily series from the general average is expressed in units 
of the latter in tables 4 and 5, and it gives an indication of the 
consistency and hence the reliability of the results. 


— 


TABLE 4 
RECORD OF MONKEY 2 
Width of individual striae on both fields: 0.780 mm. 


Mean brightness, both fields: 6.24 candles per sq. meter 
Striae on positive (standard) field: horizontal 


Deviation from ; _ Average 
horizontal of No. of No. of percentage 
striae on trials correct of correct 
negative field given responses responses 
—15° 95 89 93.74 2.9 
—14° 10 9 90.0 
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TABLE 5 
RECORD OF CHICK 2 


Width of individual striae on both fields: 1.561 mm. 
Mean brightness, both fields: 6.24 candles per sq. meter 
Striae on positive (standard) field: horizontal 


Deviation from Average 
horizontal of No. of No. of percentage 
striae on trials correct of correct 
negative field given responses responses 
—90° 400 345 86.2+10.0 
—80° 20 20 100. 
—75° 20 20 100. 
—70° 20 20 100. 
—65° 40 35 87.54 7.5 
—60° 130 ial 85.44 8.7 
—55° 40 36 90.0+ 3.3 
—50° 90 79 87.7+ 2.6 
—45° 110 94 85.4+ 6.4 
—40° 195 141 72.3411.4 
+90° 20 18 90. 
+75° 20 19 95. 
+60° 20 20 100. 
+55° 20 19 95. 
+50° 50 48 96.0+ 2.7 
+45° 70 60 85.7+ 5.8 
+40° 80 68 85.0+ 5.0 
+35° 70 60 85.7+ 4.3 
+30° 100 81 81.0+ 8.8 
+25° 100 al 71 O+ 5.2 


AN APPARENT EFFECT OF “CONTRAST” 


After I had obtained the threshold for deviation in the posi- 
tive direction for Monkey 2, I gave him 40 trials—20 trials each 
on the 9th and 10th of November—in which the striae on the 
positive field were horizontal and those on the negative field 
deviated from the horizontal by 5° in the negative direction. 
Only 12. responses out of the 40 were correct, the animal per- 
sistently tending to choose the negative field against punish- 
ment. In this connection it should be noted that when the 
difference in direction is small and when the striae on one field 
are horizontal, if the two fields are regarded simultaneously, the 
striae on both fields appear to be inclined from the horizontal, 
but in opposite angular directions. For about six weeks previous 
to these control tests, the striae on the positive field, although 
really horizontal, appeared to the human observer to deviate in 
the negative direction, owing to the influence of the other field, 
whose striae were inclined slightly in the positive direction. If 
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we assume a similar ‘‘contrast-effect’”’ for the monkey, we have 
a sufficient explanation of his behavior in these control tests. 


SUMMARY 


Three animals—a monkey and.two chickens—previously 
trained under comparable conditions, showed a striking dif- 
ference in their individual ability to acquire a perfect habit of 
response to difference in direction in two systems of visible 
striae. The monkey perfected his habit in the first series of 
20 trials. One chick failed to learn the problem and another 
chick required 58 days and 585 trials to perfect the habit. 

The work demonstrated the practicability of an alternative 
method of testing visual acuity, but suggested that for some 
animals the problem is so difficult as to make the method orig- 
inally used by the author more desirable. 

The monkey’s difference-threshold for direction of elements 
of a pattern lies between 2° and 5°; and the chick’s threshold 
between 25° and 40°. The magnitude of the thresholds within 
these limits for either individual depends in large part on the 
effect of training. 

The training-records, as well as the Foal results, suggest that 
the characteristic of direction in visual objects has much more 
significance for the monkey than for the chicken. 

The relative improvement brought about by training is very 
much greater for the monkey than for the chicken. This fact 
suggests that other differential factors than relative development 
of the sense-organ play an important part in discrimination of 
this type. The point is emphasized by the fact that the mon- 
key’s visual acuity, as shown in an earlier study, is between 
four and five times as good as that of the chick; while his sen- 
sitivity to difference in direction is from eight to twelve times 
as great. 


VISUAL PATTERN-DISCRIMINATION IN THE 
VERTEBRATES—V 


A DEMONSTRATION OF THE DOG’S DEFICIENCY 
IN DETAIL-VISION 


H. M. JOHNSON 
Nela Research Laboratory, National Lamp Works of General Electric Company 


The experiments reported in this paper grew out of certain 
questions of especial personal interest to the author. These 
questions are of minor importance as compared with some gen- 
eral questions which the work involves, but as the former really 
determined the course of experimentation it seems well to men- 
tion them. 

In the years between 1910 and 1912 the writer, then working 
at the Johns Hopkins University, acquired some dogs which had 
been rendered temporarily blind by having their eyelids scraped 
at the edges and stitched together during the first week of 
puppyhood. This operation_caused the eyelids, which normally 
separate at about the ninth day, to grow tightly together; and 
they remained in this condition until they should be separated 
by a slight operation. 

While these animals were blind: I trained each of them to, 
open three “‘problem-boxes” by a single movement of the head, 
the teeth or the paw, within a minimal time (two seconds or 
less) and without making any useless movements. The manner 
of arranging and conducting these experiments is open to criti- 
cism, but the results indicate clearly that the blind dogs became 
quite as proficient as normal dogs trained under identical con- 
ditions, and that the number of trials necessary to the acqui- 
sition of skill is not consistently greater for blind dogs (Nos. 7 and 
8) than for a normal dog (No. 6) of the same litter and trained 
in the same way. Also, the blind dogs, as well as the normal 
dogs, showed practically no loss of skill after sixty days of rest. 

1 Johnson, H. M. Audition and habit-formation in the dog. Behavior Mono- 
graph, no. 8, Cambridge, Mass., Henry Holt & Co., 1913. ’ 
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After each of the blind dogs had learned to open three boxes 
in this way, the eyelids were parted by an operation. All the 
animals except Dog 7 showed an opacity of the cornea, usually 
slight in degree and extent, but varying in different individuals. 
Dog 7 did not exhibit an opacity. None of these animals showed 
marked changes of behavior after the operation. I then required 
Dogs 7 and 8 to learn three more problem-boxes each. They 
exhibited slightly greater proficiency in acquiring skill than they 
had shown while they were blind, but the improvement is due— 
at least in part—to the effect of practice, and is considerably 
less than that brought about wholly by practice in the case of 
the normal dog.? 

These experiments demonstrated that the dog can get along 
surprisingly well without vision in.making complicated adjust- 
ments. Other experiments indicated that even normal dogs did 
not react to some objects as if the latter were visually per- 
ceived, provided the objects were stationary. 

While the foregoing experiments suggested that the dog may 
make little use of vision as we ordinarily think of it, they left 
the question open as to the kind and degree of vision which the 
dog may have. In 1911-12, I made an attempt to test the dog’s 
sensitivity to difference of outline in visual objects. I used a 
single animal, designated as Dog 5 in the report cited. I made 
the tests in the psychological laboratory of the Johns Hopkins 
University, under the direction of Professor John B. Watson, 
using the Yerkes-Watson standard apparatus’ and the discrimi- 
nation-method recommended by these authors. The test-objects 
used were a circle 6 cm. in diameter and its (approximately) 
equivalent square. The animal was fed at the food-box under 
the square. He learned in about 1000 trials to choose the 
Square invariably, but its brightness (and hence its luminous 
intensity) was four times that of the circle. When the bright- 
ness-difference was eliminated, the animal immediately ceased 
to show any preference for the square, and he did not make 
any consistent improvement in 600 trials. It became necessary 
to discontinue the work at this point. Shortly afterwards the 


2 The records of dog 6 (normal) and of dogs 7 and 8 (first blind and later with 
ae eyelids separated) are intercomparable. The records of dogs 1 and 2 and of 
og 5 are not. 


3 Yerkes, R. M. and ee J. B. Methods of studying vision in page 
Behavior Monograph, no. 2, Cambridge, Mass., Henry Holt & Co., 1911 
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animal was accidentally killed.. Meantime I had acquired no 
information regarding the refraction of his eyes. Consequently 
I did not feel justified in publishing the report of the work as 
containing anything decisive or important. It is of some in- 
terest when considered in connection with some later experiments 
described below. 

Three years ago I became interested in the question of the 
relative visual sensitivity of animals possessing different types 
of retinal structure. The retina of the dog’s eye is fairly typical 
of the mammals below the primates. There is no fovea,‘ rather 
indefinite “‘sensitive areas’? and numerous opaque nerve-fibers 
which must be considered as blind spots. Such a retinal struc- 
ture is characteristic, in the main, of mammals below the pri- 
mates. It seemed fair to select the dog as a representative of 
this class. I chose the domestic chicken as representative of 
animals possessing a definite sensitive area but no fovea, and 
the Capuchin monkey as representative of animals possessing a 
fovea centralis, temporal to the entrance of the optic nerve. 
I also felt impressed by the apparent superiority of stimuli 
such as Casteel* used, over stimuli differing only in outline, for 
a test of the question in which I was particularly interested. 
I selected* as the stimulus to be chosen by the animal, a cir- 
cular field, 6 cm. in diameter,eovered by a system of horizontal 
dark and bright stripes of equal width. The number of stripes 
on the field and the width of each stripe could be varied by 
insensible gradations. The field to be rejected was covered by 
a similar system of striae, but the members were so numerous 
and so fine that the eye would not resolve them at the minimal 
distance at which the animal could make his choice. The stim- 
uli differed in no other respect. The sensitivity of the animal 
was to be measured by the angle subtended at the eye by the 
separation of the upper edge of one bright stripe from the lower 
edge of the bright stripe just above it. The reader should con- 
_ sult the original report for details of these tests. 

The daily results obtained for Dog 1, a pure-bred English 

4Slonaker, J. R. A comparative study of the area of acute vision in verte- 
brates. Journal of Morphology, vol. 13, no. 3, 1897. 

5 Casteel, D. B. Discriminative ability of the painted turtle. This journal, 
VOM Obit pp. ulk tis 


6 Johnson, H. M. Visual pattern-discrimination in the vertebrates. I and 
II. This journal, vol. 4, 1914, pp. 319-361. 
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bull-terrier, are shown on page 352 of that report. When the 
width of each stripe on the ‘‘positive’’ field was.5.2 mm., and the 
distance from the eye was 60 cm., the animal chose the positive 
field 36 times in 50 presentations or “‘trials’”. In the last 20 
trials, 18 choices were correct. Believing at the time that he 
had learned the problem, I reduced the width of the stripes. 
On examining his subsequent daily records with these, I became 
convinced that the improvement was accidental, and due to a 
change in the animal’s ‘‘position-preference’’ as a time when his 
right-left order of choosing happened to fit the order of presen- 
tation quite well. When the width of each stripe was 3.9 mm. 
the animal chose correctly in 127 cases out of 200; when it was 
reduced to 3.72 mm., 112 out of 175 choices were correct.7 

These results did not show anything conclusive regarding the 
dog, except that working near the limit of the instrument I had 
not made a stimulus-difference large enough to be effective in 
50% of the cases. (This condition would be met when 75% of 
a large number of responses were correct.) 

The general method followed in these experiments had yielded 
quite definite and positive results in the work on the monkey 
and the chickens. The individual stripes composing the posi- 
tive system had subtended a very large visual angle throughout 
all the work on the dog. The failure to obtain positive results 
on the dog raised several questions regarding the work. 

Early in the training the animal had learned to choose the 
correct food-box by testing the electrodes at the entrance-alleys 
for electrical charge. When I eliminated this factor he showed 
great disturbance. It seemed advisable to use another indi- 
vidual, which had not been thus disturbed during the training. 
I selected a pure-bred female beagle-hound, four months old, 
for this purpose. Beginning May 26, 1914, I gave her ten trials 
daily for 90 days, using the method described in the work on Dog 
1, the monkey and the chickens. She showed no consistent pref- 
erence at any time for the positive field, each stripe on which was 
5.2 mm. wide. The minimal distance between test-field and the 
eye at which a choice could be made was 50 cm. A detailed re- 
port of her work would be without value in view of facts which 
we later ascertained, and which I shall mention below. 


” After the original report was prepared I resumed the work at this stimulus- 
value, and obtained a lower percentage of correct choices over 150 additional trials. 
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It now became necessary to determine whether the negative 
results which the dogs gave were due to the inappropriateness 
of the conditions under which the latter had worked. The 
first matter to be settled was that of errors of refraction in 
the dog’s eyes. This examination should have been made be- 
fore the experiments were begun, as is made evident by the 
results. .My colleague, Dr. P. W. Cobb, was kind enough to 
make the examination and to assume responsibility for the 
results. He administered atropin to the animals for about a 
week, until the pupils ceased to respond to light. He then 
made a careful skiascopic examination. The results obtained 
during mydriasis were very consistent. Dog 1 showed about 
0.25 to 0.50 D. hyperopia during mydriasis. (This condition is 
characteristic of the emmetropic human eye.) No astigmatism 
was discoverable. The examination without mydriasis yielded 
variable results, but none of them indicated the presence of a 
refractive error which the animal did not overcome by accom- 
modation or by an analogous process. We assumed, therefore, 
that this dog’s eyes were for practical’ purposes emmetropic. 
The correction for Dog 2 was +1.75 D. sphere with +0.75 
cylinder, the axis lying in the horizontal meridian. The neces- 
sary correction was the same for both eyes. A week later 
Dr. Cobb attempted to test-the animals for extent and range 
of accommodation, but got no consistently positive results. It 
seemed useless, therefore, to continue experimentation of Dog 2, 
since even the best accommodation could hardly have overcome 
so large a refractive error, and since it was inconvenient to equip 
her with spectacles. 

At this time I was working some other animals on the prob- 
lem of discriminating between a vertical system of striae and 
a horizontal system differing from the former only in direction. 
The problem had proved itself quite easy for some of the animals. 
I had also found it feasible to’test an animal’s visual acuity by 
making the stripes on both fields rather coarse, and training the 
animal to choose the food-box indicated by the horizontal system. 
The next step was to reduce the width of the stripes in both 
systems simultaneously, until the members became so numerous 
and their width and separation so small that the animal could 
not distinguish the horizontal system from the vertical system 
at the given distance. I decided to test Dog 1 by this method. 
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In this work I used the same experiment-box and test-objects 
and the same general technique as are described in the former 
report. The mean brightness of each test-field was 6.2 candles 
per square meter. The width of each stripe in either system was 
3.902 mm. The animal had to choose with the eye 40 cm. or 
more from the test-field, and he was fed in the food-box indicated 
by the horizontal system. I gave him 20 trials each day. In 
140 trials the animal chose correctly only 75 times, and showed 
no tendency to improve. There seemed reason to question 
whether he was capable of discriminating between purely visual 
objects, and of demonstrating the fact by acquiring a perfect 
habit. Professor Mast, with whom I discussed the question, 
urged me to settle the point. On June 24, 1915, I gave the 
animal 20 trials in which only the positive test-object was pre- 
sented. He was fed in the box at which,it appeared. All 20 
choices were correct, and there was no hesitation at any time. 
On the following day I reintroduced the negative field, but 
stopped it down, so as to introduce a difference in area in addi- 
tion to the difference in pattern. Hitherto, each field had been 
limited by a circular diaphragm 6 cm. in diameter. Over the 
diaphragm limiting the negative field I now slipped a smaller 
diaphragm, the opening of which was concentric with that of 
the former. The animal’s daily records for the various differ- 
ences in area appear in table 1. The results show that the 
dog is able to discriminate when the difference of area presented 
is between the ratios of 2.25 to.1 and 1.44 to 1. On July. 24, 
August 1, August 14 and August 31 I made control-tests, in 
which the width of the striae on both fields was so reduced 
that the fields appeared of uniform brightness to the human 
eye. As will be seen in the table, these tests showed that the 
dog’s behavior was not affected by the presence or absence of 
the stripes. After the animal had ceased to discriminate, when 
the stimuli was a 6 cm. circle and a 5 cm. circle, I retrained 
him for six days, beginning August 30, 1915, requiring him to 
choose the 6 cm. circle and to reject the 3 cm. circle. Both 
fields were of uniform brightness. His average percentage of 
correct choices for the 120 trials was 85.8. I then reduced the 
brightness of the 6 cm. circle by introducing an absorption- 


5 In the present work I placed a copper tray, holding a moistened felt pad, between 
the exit-door of the home-box and the alleys entering the food-boxes. © This tended 
to reduce the variability of the resistance of the animal’s feet to a minimum. 
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screen, to about 25% of its original brightness. This made the 
areas of the two fields approximately inversely proportional to 
their brightnesses or, in other words, made them very nearly 
equal in luminous intensity. I gave the dog 100 trials under 
this condition, but obtained only 61 correct responses. This 
indicated that he had been merely choosing the field which 
sent the greater light-flux into his eye, and had not been affected 
by the difference in area except in so far as it had occasioned 
a difference in luminous intensity. 

The foregoing results indicate with fair definiteness that the 
dog did not distinguish the large differences in pattern and in 
outline presented under the experimental conditions. We are not 
safe in drawing general conclusions from such evidence, how- 
ever, as long as there is room for.doubt whether a clear image 
of the test-fields had been formed on the retina. This question 
hinges on the ability of Dog 1 to accommodate. I have found 
but few references in the literature bearing on the question of 
the range of accommodation in the dog. Boden® remarks that 
Wiirdinger showed in 1886 that the dog has a ciliary muscle, 
and that the necessary mechanism for accommodation is there- 
fore present. He adds that the question of the extent to which 
accommodation is actually accomplished is one over which 
opinions differ widely. He quotes Hensen and Vélckers,1° who 
worked on the mechanism of accommodation in young dogs, to 
the effect that the dog possesses a wide range of accommodatory 
change—as wide at least as the monkey’s. On the other hand, 
he quotes Hess and Heine" as having elicited a change of re- 
fraction of only 1.0 to 1.5 D. by stimulating the sympathetic 
fibers electrically. Boden himself refracted the eyes of 100 dogs 
of both sexes and of various ages and breeds, both before and 
during mydriasis. In the examination without mydriasis he 
sometimes observed changes in the diameter of the pupillary 
opening when the dog appeared momentarily to fixate the mirror 
used in the examination. Boden suspected that an accommo- 
datory movement accompanied this change, since occasionally 
the sharp image of the pattern which he projected on to the 


* Boden, Rudolf. Ueber den_Refraktionszustand des Hundeauges. _ Arch. f. 
vergleichende Ophthalmologie, vol. I, 1909-10, pp. 195-241. 


10Cited by Hess. Anomalien.d. Refraktion und py sae a: A 
Grife-Simisch, Handbuch, 2 Auflage, p. 230. ars 


1! Hess and Heine. Grife-Samisch, Handbuch, 2 anave, p. 236. 
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dog’s retina would suddenly appear blurred under those condi- 
tions. He was unable to establish, however, whether these 
effects were the result of accommodation or were due to astig- 
matic refraction in the dog’s eye.” 

Dr. Cobb, in a later and more extensive skiascopic examina- 
tion of Dog 1, without mydriatic, found occasional fluctuations 
of refraction, varying from 0.25 to 0.75 D. These fluctuations 
were seldom sustained for any considerable interval, and could 
not be elicited by moving the experimenter’s fingers, or even 
food, to and fro before the dog’s eye. While the most natural 
inference is that the fluctuations were due to accommodation, 
it would also be possible to account for them on other supposi- 
tions. It was impossible to control the dog’s fixation, and rota- 
tion of the eyeball changed the length of the optical path. (This 
extended from the light-source to the mirror, thence through the 
comparison lens into the dog’s eye and to the retina, thence 
back through the comparison lens to the experimenter’s eye.) 
This change might be made by difference in angle of incidence 
at the dog’s cornea, by differences in refractive index of the 
different layers of the dog’s lens, and also by unevenness of con- 
tour of the dog’s retina. It seemed clearly established, how- 
ever, that parallel rays, or rays proceeding from an object 20 
feet or more from the eye, are sharply focused on the retina of 


2] have elsewhere asserted that the dog’s mechanism of accommodation is use- 
less unless it serves in some way to change the radius of curvature of the cornea, 
as is the case in some birds, but, according to Hegs, is not true of the mammals. 
This assertion was based on my acceptance of a reference by an American writer 
to Freytag’s work (Die Brechungsindices der Linse und der fliissigen Augenme- 
dien bei der Katze und beim Kaninchen. Arch. f. verg. Ophth., vol. I, 1909-10). 
In this reference Freytag is cited as saying that the refractive indices of the 
lens and of the fluid media of the dog’s eye are practically identical, and that several 
other mammals suffer under the same condition. Since I made the above remark, 
I have procured a copy of Freytag’s original article which before had been inac- 
cessible to me. It appears that Freytag was incorrectly quoted by his reviewer. 
He actually gives as mean values of the refractive indices in young and old dogs: 
for the aqueous humor, 1.3349; for the vitreous humor, 1.33483; and for the lens, 
values ranging between 1.4498 and 1.4666, depending on age. He reports a com- 
parable difference between the refractive indices of the lens and fluid media in all 
the mammals which he studied. 

I am satisfied that some individual dogs make very little use of the mechanism 
of accommodation. If such is generally true, it would seem that the defect is 
retinal, rather than in the accommodatory apparatus itself. If it may be assumed 
that the stimulus to accommodation is indistinctness of the retinal image, it is 
evident that an animal whose retina is relatively insensitive to detail would have 
relatively slight stimulus to accommodation. ; 3 : 

Incidentally, the solution of a number of extremely interesting problems in 
the relation between vision and field-behavior must await the determination of 
the range of accommodation in representative infra-primate mammals. 
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the unaccommodated eye of Dog 1. An object 133 cm. distant 
may be imaged on at least some parts of the retina if the animal 
accommodates or rotates the eye properly. In the discrimina- 
tion work just described, the animal had to choose with the eye 
less than a meter from the test-fields, and he actually chose, as 
a rule, with the eye at the minimal distance, which in part of 
the work was 60 cm. and in the rest, 40 cm. There was some 
room for doubt, therefore, whether a clear image had been 
formed on the retina under the prescribed conditions. Further 
work was necessary to determine whether the dog’s inability to 
discriminate was due to-retinal insensitivity or to other causes. 

I proceeded at once to modify the method so as to insure 
that a sharp image of the patterns to be discriminated would 
be formed on the retina of the animal’s unaccommodated eye. 
There are several means by which this could have been accom- 
plished. We could have mounted the test-objects 20 feet away, 
so that rays proceeding from each point on them would have 
reached the dog’s eye as nearly parallel rays. But the test- 
objects are small, and might not have attracted the dog’s atten- 
tion. The largest striae which these particular gratings will 
form subtend a very small angle at 20 feet. Negative results 
thus obtained would have been ambiguous. Of course it would 
have been possible to project an enlarged image of the patterns 
on to a distant screen, but in such case modification of the Yerkes 
experiment-box would have been necessary. It would also 
have been possible to equip the dog with spectacles. Had this 
course been adopted it would have been necessary to use extreme 
care to insure that the animal inspected the test-object at a 
constant distance. This procedure involved some practical 
difficulties. Another course seemed most nearly free from ob- 
jectionable features. I took two lenses, each having a free open- 
ing of 6 cm. and an equivalent focus of 40.8 cm., and mounted 
a test-object in the first principal focus of each of these lenses. 
Each of the two optical systems thus formed was mounted on 
a photometer bench, so that the face of the lens remote from the 
test-object was presented at the window (Wi, W,, fig. 6, p. 338 
of the first article of this series) of the Yerkes box. The axis 
of each optical system was normal to the plane of the window at 
which it was presented, and coincided with the center of the 
latter. The lenses are achromatised for two points in the visible 
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spectrum, and are highly corrected for spherical aberration, 
astigmatism, distortion and curvature of the image. With this 
arrangement light from all parts of the test-field emerged from 
the lens in bundles of parallel rays. The eyes of dog 1 being 
emmetropic, it follows from geometrical optics that if his un- 
accommodated eye were placed in any part of the cone of light 
emerging from the lens, a sharp image of the test-field would be 
formed on the retina, and that the angle subtended by the image 
of any stripe at the second nodal point of the eye would be the 
same as that subtended by the stripe itself at the first nodal 
point of the’ projection lens. 

The stripes on the positive field were horizontal, and each one 
was 3.902 mm. wide. The distance between the test-field and the 
first nodal point of the lens was 399 mm. The image of each 
stripe therefore subtended a visual angle of 33’ 32’’—an angle 
larger than is subtended by the sun’s disc at the earth. The pat- 
tern on the positive field is closely comparable with that of a plank 
fence, the units in which are 6 inches wide and 6 inches apart, 
viewed at a distance of 50 feet. The stripes on the negative field 
were also horizontal, but were only 0.1 mm. wide. They were re- 
solved by the lens, and may have been resolved by the dog’s eye, 
but being only 1-39 as wide as those on the positive field, an 
animal capable of distinguishing them as such should have had no 
difficulty in discriminating between them and the coarser system. 

I introduced the dog to this problem 22 September 1915, 
using the general method already described. The mean bright- 
ness of both fields was 6.2 candles per square meter—a com- 
fortable reading condition for the light adapted human eye. 
The intensity of the electric shock administered for incorrect 
responses was the same as that used in the immediately preceding 
experiment, in which it had proved effective and not greatly 
disturbing. The results of this experiment are shown in table 2. 
They show that the animal did not discriminate and did not 
improve in 500 trials. Since this dog was already trained to 
react in the box, and since he had learned readily to discriminate 
between other purely visual stimuli, I regard the evidence as 
conclusive that the dog does not distinguish relatively gross 
detail in visual objects, and that the deficiency is retinal. 


13 | wish to thank Dr. A. G. Worthing and Dr. W. Weniger for making this deter- 
mination for me. 
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TABLE 2 


RECORD OF Doc 1 


Discrimination between plain and striate fields 
Width of each stripe on positive field: 3.902 mm. 
Width of each stripe on negative field: 0.104 mm. 
Mean brightness of both fields: 6.2 candles per sq.. meter / 
(Each test-object mounted in principal focus of lens, 399 mm. from nodal point) 


Average 
Number | Number per- 
Date of of centage Remarks 
trials correct correct 
given | responses responses 
Sept. 22 20 WD 
6123 20 14 
2A 20 11 
CS DAS 20 12 
CS 20 2, Ist 100 trials | 6143.4 
Sept. 27 20 il 
28 20 13 
5:29 20 10 
20) 20 13 
Octal 20 11 2d 100 trials | 58-+5.4 
Oct. 20 16 Not worked since Oct. 1 
£98 20 10 
«9 20 12 
“i 20 15 
ab! 20 10 3d 100 trials | 58+7.6 
Oct. 12 20 10 
ets 20 i 
Gale! 20 9 
Calis 20 7 
eG) 20 18: 4th 100 trials | 5048.0 
se. ALS 20 11 
18 20 9 
19 20 10 
oO 20 10 
er 7A 20 9 5th 100 trials | 49-+3.2 
shovaleuee 500 276 55+6.6 
CONCLUSION 


Throughout the theories of the most important writers on 
natural selection and sexual selection it is usually assumed either 
expressly or implicitly that animals are visually sensitive to cer- 
tain patterns or markings of the plumage or hair of their own 
kind, as well as of their natural prey. Theories of protective 
and warning coloration and marking are built on such an assump- 
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tion. I hope at some later time to attempt an analysis of some 
of these theories with reference to this question. In so far as 
such assumptions are made to apply to animals the structure 
and function of whose eyes are typified by the dog, I am con- 
vinced that the foregoing experiments present at least presump- 
tive evidence to the contrary. 

If the dog’s eye is not adapted to detail-vision, and if even a 
4 to 1 brightness-difference is ineffective, as was indicated by 
the control tests of 14 September to 19 September, we may 
seriously inquire what useful purpose his vision serves. Orbeli, 
Kalischer and Smith have seriously attacked the problem of 
color-vision. Orbeli!4 used the saliva-reflex method of Pavloff, 
and attempted conscientiously to control his stimuli. He 
reports negative results. Kalischer used a food- -training method 
with muscular responses as the criterion. He reports definitely 
positive results. However, he worked without attempting to 
exclude certain obvious secondary stimuli, and his own report 
suggests that it was the latter which were actually effective. 
Smith’s'* use of colored papers for stimuli is open to fatal criti- 
cism, since they reflect a considerable amount of light of all 
wave-lengths, and since we know nothing as yet of the relative 
stimulating value of the different wave-lengths for the dog. It 
is not improbable that the range of effective wave-lengths is 
comparatively short for the dog, as it evidently is for rodents.17 
Smith seems to have used great care in the training-procedure, 
and is inclined to draw a positive conclusion from the results. 
I cannot see that the latter is warranted by the number of trials 
given and the percentage of correct responses obtained. Re- 
garding the above and other tests of color-vision, it seems well 
to remark that all of them have been made only with test-fields 
of large area. In nature, different colors are usually presented 
as parts of patterns. This is especially true of the markings of 
plumage and hair. Proof of the existence of sensitivity to dif- 


4 Orbeli, L. A. Réflexes conditionnels du céte de 1l’oeil chez le chien. Archives 
des sciences biologiques (St. Petersburg), 1909 

15 Kalischer, O. Weitere Mitteilung tiber dis Ergebnisse der Dressur als physio- 
logischer Untersuchungsmethode auf den Gebieten des Gehdr-, Geruchs- und 
Farbensinns. Arch. f. Physiol., 1909. 

16 Smith, E. M. Some observations concerning color-vision in dogs. British 
Journal of Psychology, vol. 5, 1912-13, pp. 119 ff. 

17 Watson, John B. and Watson, Mary I. A study of the responses of rodents 
to monochromatic light. This journal, vial, Gi, WONSS Gao. UL ait 
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ference in wave-length does not necessarily indicate that its 
possession is useful to the animal, unless there is evidence that 
his eye will “resolve” the patterns. Leaving the question of 
color-vision open, it should be remarked that the dog’s retina 
seems well adapted to sensitivity to time-rate of change in in- 
tensity. In uncontrolled behavior all the normal dogs with 
which I have worked attended instantly to moving objects. I 
have often seen dogs chase the moving shadow of a cloud across 
the field, and bark at it vigorously. Sensitivity to rate of flicker, 
of various kinds and at various intensities, in lower mammals, 
constitutes a problem of great interest and importance. There 
is good ground for suspecting that such visual sensitivity is the 
most useful one which the lower mammals possess. 

I wish to take this opportunity to acknowledge my indebted- 
ness to Dr. P. W. Cobb for the work of examining the eyes of 
these animals: also to him and to Professors S. O. Mast and 
Harvey Carr for criticism which affected the direction and extent 
of the work. Finally, I should like to thank Mr. Arthur Law- 
rence, the owner of dog 1, for his generosity in permitting me 
to keep the animal for several months. It might have been 
quite difficult to find another dog with emmetropic eyes. 


SUMMARY 


In an earlier experiment normal dogs showed a surprising lack 
of superiority over blind dogs in learning to make complicated 
adjustments. A normal dog gave evidence that he did not 
-depend on vision in making many of his ordinary responses in 
the field. 

In another earlier experiment a 4 to 1 difference in luminous 
intensity, presented in addition to the difference in outline, en- 
abled a dog to discriminate between a circle and its equivalent 
square. When the stimuli were equated in luminous intensity. 
discrimination ceased, and was not reestablished in 600 trials. 
The factor of refractive aberration was not determined. 

In the present work, two chickens and one monkey learned 
in 300 to 400 trials to distinguish a striate field from a plain field 
equal to the former in area, outline, color and mean brightness. 
A dog with two emmetropic eyes failed to learn the problem in 
over 1,000 trials, although the striae on the positive field were 
made nearly six times as large for him as for the other animals. 
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The same animal was later trained in a short time to discrim- 
inate between two visual objects. During the training period 
the stimuli differed in area, pattern and luminous intensity, but 
only the latter difference was effective. When in a control test 
it was eliminated, and a 1 to 4 difference in mean brightness was 
presented with a 4 to 1 difference in area, the animal ceased 
to discriminate and did not learn to discriminate on the new 
basis. In this experiment and the one preceding reliance was 
placed on the animal’s (assumed) ability to accommodate, and 
obtain a clear retinal image. The validity of the assumption 
could not be established on empirical evidence. 

The same animal, continued in training by the same method, 
was now presented with a field covered with an extremely coarse 
pattern, to be discriminated from a uniform field of the same 
area, form and mean brightness. The conditions of the experi- 
ment insured the formation of a sharp image of the test-fields on 
the animal’s unaccommodated eye. He failed to learn the 
problem or to make any improvement in 500 trials. 

The cumulative evidence yielded by the above experiments 
indicates that the dog is very deficient in detail-vision, and that 
the immediate cause is the relative insensitivity of his retina to 
differences of distribution of brightnesses. over it. 

Nela Park, Cleveland, Ohio. 


A STUDY OF THE BEHAVIOR OF THE WHITE RAT BY 
THE MULTIPLE CHOICE METHOD 


HAROLD E. BURTT 
From the Psychological Laboratory of Harvard University 


INTRODUCTION 


The multiple choice method of studying ideational and allied 
forms of behavior has already been described in connection with 
reports of results.t It consists essentially in presenting to a 
subject of any type, age, or condition a problem ‘“‘which may be 
solved by the perception of a certain constant relation or group 
of relations within the reaction-mechanisms.’’ For instance the 
subject may be required to operate the right-hand mechanism 
or the second from the left in a group of mechanisms varying 
in number from two to nine. 

In this way the same problem can be presented to widely 
varied organisms, it being necessary merely to adapt the form 
of reaction mechanism to the species of animal. For human 
subjects a simple keyboard suffices,—the sounding of a buzzer 
as indication of a correct choice proving ample incentive to 
effort. With crows, pigs, ring-doves, rats and monkeys a series 
of similar boxes, each with an entrance and an exit door, has been 
employed, with confinement as punishment for incorrect choices 
and food as reward for correct choices. The value of this method~ 
from the comparative standpoint is obvious. 


SUBJECTS 


Three outbred and two inbred albino rats were used in the 
experiments. All were born in the Harvard Psychological Lab- 
a Yerkes, Robert M. ‘The study of human behavior. Science, 1914, 39, 625- 


Coburn, Charles A. and Yerkes, Robert M. A study of the behavior of the 
crow, Corvus Americanus Aud., by the multiple-choice method. Journal of Animal 
Behavior, 1915, 5, 75-114. 

_ Yerkes, Robert M. and Coburn, Charles A. A study of the behavior of the 
pig, Sus scrofa, by the multiple-choice method. Journal of Animal Behavior, 
1915, 5, 185-225. : 

_ Yerkes, Robert M. The mental life of monkeys and apes: a study of idea- 
tional behavior. Behavior Monographs, 1916. 3, whole number 12. 
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oratory. Outbred females A and B and male D, all of the same 
litter, were born February 11, 1915, and were about five months 
old when they were first used, early in July. Inbred male J was 
born March 1, and began work early in August when five months 
of age. Inbred female C from another line was younger than 
the others, being born March 27 and beginning work when about 
three months of age. 

These five subjects were selected from nine rats which were 
given preliminary training. They proved readier in forming 
the food-association and in getting accustomed to the apparatus 
than the other four, and it therefore seemed possible to bring 
them to a more uniform state of preparation prior to the actual 
experiments. 

There were, however, very noticeable individual differences 
from the outset. A was rather timid, entering the compart- 
ments cautiously and with hesitation. D worked rather slowly 
and appeared in poor health from the start. B and C were ex- 
tremely active and energetic, choosing successive doors with 
great rapidity and running to the food-dish at full speed. 

The rats were not paired, but two or three of the same sex 
were caged together. 

APPARATUS 

The experiments were performed in a well lighted attic room 
at the writer's home in Haverhill, Massachusetts. A ground 
plan of the apparatus is shown in figure 1. It consisted of nine 
similar compartments, C, C, etc: with a door at each end,—the 
front door giving access to the reaction-chamber R and the rear 
door to the back alley A. The compartments were placed equi- 
distant from the door of the entrance box E, along the arc of 
a quadrant of a circle. 

The various doors, of sheet brass, were arranged to slide ver- 
tically and were operated from the experimenter’s table by 
weighted strings passing through screw eyes above the doors. 
Those doors leading from the reaction-chamber into the nine 
compartments were arranged to remain 3-16 of an inch from the 
floor when closed, to avoid pinching the animal’s tail. The 
entire apparatus was covered with wire netting and the floor 
was sprinkled with a light layer of sawdust. 

From the reaction chamber the animal could enter one of the 
nine compartments, pass into the back alley, thence to the side © 


224 HAROLD E. BURTT 


alley and the food-dish F. To facilitate its re-entrance into E, 
a light wooden door D was hinged to a frame sliding along the 
wall of the side alley S. Pulling a string caused this door to 
swing across the alley and then slide along in a transverse posi- 
tion toward the entrance box. This cut off the animal’s retreat 
and, if necessary, pushed it into the entrance box. Another 
string pulled this device back to its original position. 


FicuRE 1. Ground plan of multiple-choice apparatus for rats. Scale 1:10 
E, entrance-box; R, reaction-chamber; C, reaction-mechanisms; A, back alley; 
S, side alley; D, sliding door; F, food-dish. The doors (except D) moved ver- 
By, and were operated by weighted cords through screw-eyes not shown in the 
gure. 


The interior dimensions of the nine compartments were: 
width 3 in., length 8 in., depth 4in. Each front door was 24 in. 
from the door of the entrance box E. The alleys were 4 in. wide, 
the entrance box 6x 6 in. and the entire apparatus 4 in. deep. 
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The apparatus rested on the floor on the side of the room oppo- 
site the only window, with the entrance box nearest the window 
and the front doors of the compartments directed toward the 
window. The experimenter sat about 10 feet distant behind 
a table near the window. A large mirror, hung at an angle of 
45 degrees from the wall above the apparatus, illuminated it 
fairly uniformly and enabled the experimenter to observe the 
animal in positions that could not be seen directly. 


PROBLEMS AND GENERAL METHOD 


The first two of the standard problems? were presented to the 
various subjects,—viz. the selection of the first mechanism on 
the right and the selection of the second mechanism from the 
left. Below are given the ten settings of the doors which were 
presented in succession together with the number of the given 
setting in the series, the number of doors open and the number 
of the correct door. The doors were numbered from right to 
left as viewed by the subject. | 


PROBLEM 1. First mechanism at the right end of the group 


Settings Doors open No. of doors open No. of right door 
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Total 35 
PROBLEM 2. Second mechanism from the left end of the group 

Settings Doors open No. of doors open No. of correct door 
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Total 5 


2 Ci. footnote 1. 
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In most cases the rats were given the ten settings in order 
in a single series of experiments. In a few of, the earlier series 
it was not feasible to give ten trials in immediate succession. 

Both punishment and reward were used as incentives. The 
punishment consisted of confinement in a compartment after 
an incorrect choice for 5 (in some cases 10) seconds. The re- 
ward consisted of food,—cold boiled potato or green corn prov- 
ing most satisfactory. The rats were given all the food they 
wished during the afternoon and evening, but always fasted 
from 10 p. m. until the middle of the next forenoon when the 
experimental observations were usually made. If trials were 
made in the afternoon also, no food was given in the interim. 


EXPERIMENTAL PROCEDURE 


The usual procedure in a series was as follows. Sufficient 
food for 10 trials was placed in small bits in the food-dish. The 
rat was put into the entrance box through the rear door. The 
experimenter then took his seat at the table ten feet distant 
and remained there during the entire series. The proper en- 
trance doors of the compartments were raised for the first trial, 
e. g., in Problem 1 doors 1, 2 and 3 were opened and all the others 
closed. The door leading from E into the reaction-chamber 
was then raised and the behavior of the rat was recorded in 
symbols from its entrance into the chamber until its arrival at 
the food. 

If the animal entered the wrong compartment the door behind 
it was closed for 5 seconds,—the experimenter counting the tics 
of the stop-watch. The rat was then allowed to retreat from~ 
the compartment and make another choice. This procedure 
was repeated until the rat entered the correct compartment, 
whereupon the door behind it was closed and the exit-door 
opened immediately. The rat then ran along the alley to the 
food-dish.. The experimenter immediately pulled a string closing 
the door across the alley behind the animal. After a few seconds 
the door from the alley to the entrance box was raised, and the 
door behind the rat pulled along until it drove or pushed him 
into the entrance box. Most of the rats, however, soon acquired 
the habit of picking up a bit of food, waiting until the door in 
front of them opened and then going into the entrance box to 
eat at their leisure. Meanwhile the doors were set for the next 
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trial and the rat, when ready, was admitted again into the re- 
action-chamber for another trial. The time from the entrance 
into the reaction-chamber until the arrival at the food was meas- 
ured with a stop-watch. 


PRELIMINARY TRAINING 


The rats were placed in the apparatus in groups of two or 
three with all the doors open and with food in the food-dish. 
They were left there for three hours. This procedure was re- 
peated for three days. 

Then with all the entrance doors of the nine compartments 
open, a rat was admitted to the reaction-chamber. When he 
entered any compartment the door was closed behind him and 
the exit door immediately raised and he found his way to the 
food. He was allowed to eat for a few seconds, then pushed 
into the entrance box and readmitted to the reaction-chamber 
with all the entrance doors open. This was repeated for half 
an hour. Such preliminary training was continued until the 
animal made ten choices in half an hour. . This necessitated in 
most cases only two or three series, of half hour’s length, a day 
apart. 

The following day the rat was given the opportunity to secure 
success at each of the nine boxes. No. 1 was the only door 
open on the first trial, No. 2 on the second, etc. The next day 
this was reversed, No. 9 being the only door open on the first 
trial, No. 8 on the second, etc. ~The rats by this time had the 
food-association well formed and appeared to be in a state of 
uniform preparation for the regular experiments. 


RESULTS OF EXPERIMENTS 


As it is essential to present the data for each trial in the series 
of experiments, tables I, II, III, IV, V, and VI have been con- 
structed after the following manner. At the head of each table 
stand the several settings, the letter S serving as an abbreviation 
for setting and the number following it designating the place 
of the setting in the series. Immediately under the number of 
the setting appear the numbers of the doors open, with the one 
to be chosen (correct one) in bold face type. The column at 
the left gives the date. The second column gives the number 
of the various trials in the whole series. Following these num- 
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bers are the results for the trials indicated,—the figures denoting 
the numbers of the boxes entered in the order of entrance. The 
last five columns give the number of correct and incorrect first 
choices in a given series of ten, the total number of right and 
wrong first choices on a given day and the daily ratio of right 
to wrong. At the bottom of the tables for problem 1 appear 
the results in a check series of ten trials with ten new settings. 
For example, referring to table I, we see that rat A entered com- 
partment No. 3 on the first trial and after punishment by con+ 
finement entered No. 1 which was correct; in the 56th trial she 
entered No. & three times in succession, being punished for each 
entrance and then entered No. 6 the correct one. The time of 
the trials, although recorded as a matter of routine is not included 
in the results. 

The tables enable one to obtain quickly information concern- 
ing the forms of response and the changes therein during the 
course of the experiment. Further comment will be made in 
the following section. 


DISCUSSION OF RESULTS 


Problem 1, which consisted in the selection of the reaction 
mechanism on the subject’s right, proved soluble for the four 
rats, i. e., they were able to make correct first choices in ten 
consecutive trials on the ten settings. 

Outbred female A was successful after 170 trials and her 
brother D after 200. Inbred male J, of about the same age, 
solved the problem in 170 trials, while the younger inbred female 
C required 350. 

In this problem the total number of doors open in the ten 
settings is 35. Of these 10 were of course correct. Hence the 
probability of a correct first choice in any trial is 10-35 and the 
probable ratio of correct to incorrect first choices in any series 
apart from experience is 1 to 2.5. The tables show that D and 
J started with a ratio for the first day of 1 to 9 which is much 
less efficient than was to be expected, while A and C were 
more efficient than expectation with ratios of 1 to .66. These 
differences were perhaps due to a tendency to go toward the right 
on the part of A and C, while with D the opposite tendency was 
manifest throughout. 

After solution of the problem each animal was given 10 trials 


TABLE I 
RESULTS FOR RAT A, OUTBRED FEMALE, IN PROBLEM 1 
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TABLE II 
RESULTS FOR RAT D, OUTBRED MALE, IN PROBLEM 1 
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TABLE Ill 
RESULTS FOR RAT J, INBRED MALE, IN PROBLEM 1 
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TABLE IV 
RESULTS FOR RAT C, INBRED FEMALE, IN PROBLEM 1 
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on 10 new settings to check the possibility of memorizing the 
particular settings rather than actually solving the problem. 
One of the rats did the check series perfectly, two others with 
only one mistake, and the other with two mistakes. It is evident 
that all formed the habit of selecting the compartment at the 
extreme right. 

A number of interesting individual tendencies were manifested 
in the course of the experiment. A’s method of reaction was 
usually as follows: passing down the right wall of the reaction- 
chamber to compartment No. 1, she turned leftward and followed 
along close to the compartments until she reached the first open 
door. In many instances she.turned from the right wall before 
reaching compartment No. 1, with the result that she entered 
a door too far to the left. This factor was of course more opera- 
tive with settings comprising doors at the right end. It is evi- 
dent from table I that settings 1, 3, 5 and 10 yield a larger number 
of incorrect first choices than do the others. With settings 
farther toward the left the first approach to the doors brought 
_the subject more often in front of a closed door and hence the 
first open one encountered was correct. On Sept. 9, over seven 
weeks after the discontinuance of A’s training, she was given 
10 trials with the original settings and made 8 correct choices 
out of 10. Evidently the habit was still strong. 

D manifested a tendency entirely different from that of A. 
He ran along the left wall of the reaction-chamber and across 
in front of the open doors until he reached a closed one, where- 
upon he turned back into the last open one. This turning back 
appeared to be caused by the touch of the vibrissae on the closed 
door rather than by the sight of it. The turning was always 
in the same direction,—leftward or toward the doors. D ex- 
perienced more difficulty than the other rats with setting No. 2, 
- i. e., doors 8 and 9. Going down the left wall he often entered 
compartment No. 9, whereas he normally turned at that point. 
As he did poorly also on the other settings involving No. 9, it 
would appear that he was reacting by tactual rather than visual 
criteria,—habitually going along the wall until he encountered 
an obstacle and then turning across, etc. The directness with 
which No. 9 was entered in contrast with any other door was 
noticeable. A month after the training ended, although sick 
and able to move only slowly, he performed two trials correctly 
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on the first two settings, employing his customary method of 
reaction. 

J manifested, like A, a tendency to go down the right wall 
of the reaction chamber to compartment No. 1 and then in front 
of the closed doors to the first open one. He was often, how- 
ever, premature in turning to the left thus missing the first open 
door, and he often lost the latter part of his habit and passed 
several open doors without entering. As contrasted with A, 
he was less ready in recovery from mistakes. Both solved the 
problem in 170 trials, but whereas with A there were 17 trials 
in which more than one incorrect choice was made before the 
correct one, there were 31 such trials with J. It is to be remem- 
bered that J was inbred and A outbred. 

C was extremely rapid in her motions, rushing toward the 
compartments the moment she was released from the entrance 
box. In her correct trials the total time from entrance-box, 
through the compartment and alleys to the food was fre- 
quently 5 seconds. She often ran along the back alley so rapidly 
that she slipped and fell at the turn into the side alley. This 
tendency to hasten was perhaps instrumental in her failure to 
solve the problem in less than 350 trials. She usually appeared 
to take her orientation from door No. 1, going thence leftward 
to the correct door. The settings comprising doors at the left 
proved easy by this method. The most noticeable thing about 
her behavior was the suddenness with which she sometimes 
became thus oriented. Frequently when pausing and looking 
in the wrong door, or smelling about in almost any part of the 
reaction-chamber she would suddenly dash to door No. 1 and 
then across into the correct one. It is possible that this is the 
same phenomenon mentioned by Watson,* where a trained rat, 
placed in a part of the maze other than the entrance, runs about 
at random and suddenly darts off correctly, having passed over 
a “‘kinaesthetic unit’? which arouses a proper sequence of kinaes- 
thetic impulses. 

Problem 2, which is definable as the second mechanism from 
the left end of the group, proved insoluble for the two rats C 
and B in 800 and 900 trials respectively. 

For the settings of this problem the total number of open 
doors is 50 with 10 of course correct. Hence. the probability of 

Watson, J. B. Behavior. New York, 1914, p. 218. 
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TABLE V—Continued 
RESULTS FOR Rat C, INBRED FEMALE, IN PROBLEM 2 
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a correct first choice in any trial is 1-5 and the probable ratio 
or correct to incorrect first choices on a given day’s trials, apart 
from experience, is 1 to 4. With C this was exactly the ratio for 
the first day’s trials. It was also the ratio for the last day’s trials. 
B started with a ratio of 1 to 5 which was reduced to 1 to 2.3 at the 
end, but there was no constancy in the results and the reactions 
were so manifestly random that further training seemed useless. 

Although the rats failed to solve the problem, certain impor- 
tant reactive tendencies were noted. C began the problem 4 
days after the check series on problem 1. The old habit which 
was manifest at the outset disappeared gradually and was little 
in evidence after 100 trials. The tendency to enter the same 
(incorrect) door two or more times in succession also disappeared 
at about the same period in the training. Between trials 100 
and 500 there was frequently a tendency to make several random 
choices and then work from right to left, entering consecutive 
doors successively. (cf, trials 133, 184, 338, 444). After this 
stage the tendency was not so manifest, for the first random 
choice was nearer the left. This latter fact also heightened the 
probability of a first correct random choice, which doubtless 
accounts for the higher scores in many of the later series. After 
trial 250 there began to appear a tendency to enter the left door 
and then the second from the left. (cf. trials 251, 254, 256, 257). 
This tendency was increasingly manifest throughout. In trials 
721-730 and’ 771-780, 8 out of 10 trials showed this type of re- 
action. The animal did show a definite tendency to turn to 
the left on leaving the entrance box, and often appeared to go 
directly to the door at the extreme left of those that were open. 
Whether it was merely this habit that was operative and the 
second choice naturally involved the neighboring door, or whether 
the rat formed the habit of going into the end compartment and 
then the second can not be definitely stated. 

B was set at problem 2 without prior training in problem de 
Consequently there was no previous habit to break. B was like- 
wise very active. At the outset the same door would be entered 
repeatedly (cf. trial 3), but this was seldom the case after 150 
trials. There soon appeared a tendency after an incorrect choice 
to enter alternate doors going rightward or to enter consecutive 
doors going leftward. Sometimes the one tendency was followed 
by the other. (cf. trials 167, 268). After trial 270 there some- 
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times appeared the opposite tendency,—to go leftward entering 
alternate or rightward entering consecutive ones. (cf. trial 271). 
These two tendencies to enter consecutive or alternate doors 
going in either direction were somewhat manifest throughout. 

At trial 224 the period of punishment for B was increased to 
10 seconds and soon after that she learned to stick her nose 
under the door (which was raised 3-16 inch from the floor to 
protect the tail), and wiggle out on her side before the 10 seconds 
were up. The direction in which she then turned appeared to 
depend much on her orientation as she came out of the compart- 
ment in this way. On the whole, B showed less systematic 
attack upon the problem than C, choosing more palpably at ran- 
dom and getting fewer successes on the second choice. 


SUMMARY 


1. The first two standard multiple choice problems were pre- 
sented to white rats. These problems may be defined in terms 
of the constant relation of the correct mechanism to the varying 
group of mechanisms as: (1) the first at the right end of the 
series; (2) the second from the left end of the series. 

2. One inbred and two outbred rats five months old solved 
the first problem in 200 trials or less.. Another inbred indi- 
vidual two months younger required 350 trials. The indica- 
tions are that visual tactual and kinaesthetic guidance sufficed 
for the formation of the habit. 

The second problem proved insoluble for the two rats which 
attempted it. Both acquired a general tendency to turn toward 
the left, thus more frequently making a correct random choice, 
but the relation of secondness from the left was evidently beyond 
‘them. 

3. There were two noticeable reactive tendenges manifested 
by one rat. In problem 1 she would at times become oriented 
very suddenly, dash to the right end and then across to the 
correct door. In problem 2 she repeatedly entered the left 
door and then the second from the left. Although it is tempting 
to ascribe these tendencies to a higher level of behavior, it 
would seem better to explain the first in terms of kinaesthetic 
units and the second by the acquisition of the habit of choosing 
the left door,—the following nuoice most naturally involving the 
adjacent. correct door. 


THE LEARNING OF A MAZE BY GOLDFISH: 
E.P. CHURCHILL, JR. 


The study of the behavior of fish when confronted by a prob- 
lem such as a maze is rendered of considerable importance by 
the fact that in these animals the pallium of the brain is unde- 
veloped. Various investigators, while working on the problem 
of color discrimination in fish, have incidentally shown that 
these animals possess associative memory and can form simple 
habits. Mention will, however, be made here only of litera- 
ture that deals more strictly with the problem of habit formation. 

Triplett? found that perch, after several trials, cease to try 
to reach minnows on the opposite side of a glass partition. 
After the removal of the partition the perch made no attempt 
to pass the point where the partition had formerly been placed. 

Thorndike: described in a general way the learning of a maze 
by Fundulus. He found that this fish sought the shaded part 
of the tank. To gain this he caused them to swim through 
openings in partitions placed-across the tank. He found that 
the time required for the trials lessened from day to day. 

Goldsmith,‘ working chiefly with Gobius and Gasterosteus, 
showed that these fish have a well marked and enduring topo- 
graphical memory. If fed at a certain point in the tank they 
soon learned to come there and this habit persisted after 18 
days lapse of practice. She also found that they had a memory 
of direction. A simple maze was constructed by placing across 
the aquarium a glass partition pierced by an opening. The 
stimulus used was the nest, to which the fish endeavored to 
return. On the first day the fish learned in 3.5 hours to go ~ 
directly through the opening to the nest. The number of trials 
is not recorded. The next day the fish relearned the maze in 


1From the Laboratory of Animal Behavior, Johns Hopkins University. 
2 Triplett, N. Educability of the perch. ‘Amer. Jour. Psych., 1901, 12, 354 


et seq 
a Thorndiltes E. L. Animal intelligence. New York, 1911, Chap. IV, pp. 169- 


La 
4 Goldsmith, M. Les Réactions physiologiques et Pe puaes des Poissons. 
Bull. de l'Institut général psycholozique, Paris, 1914. 14, 97-228. 
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25 hours. The time lessened from day to day though the 
fish had to a certain extent to relearn the maze each day. If 
a partition of wire netting with openings 5 mm. square were 
used the fish swam at once through the passageway and to the 
nest. She thought the fish saw the netting and the opening 
through it and consequently was guided by the sense of sight. 
From various experiments she concluded that the illumination, 
distribution of light and shade, and the play of. light on the 
walls of the container guided the fish. The objects in and 
about the maze were not made use of as data by the animals. 
The faculty of ‘‘“motor memory’? may be possessed by the fish 
but she thought it was a less important. factor in solving the 
maze than the sense of sight. She also worked extensively on 
the discrimination and memory of colors and form in fish. 

In view of the fact that the behavior of fish in a maze has 
received less emphasis than the other features of the work with 
this animal, it seems of interest to record an attempt at a quan- 
titative estimate of the ability of fish to learn to run a maze 
of a moderate amount of difficulty. 

Goldfish (Carassius auratus) were used because they live 
readily in aquaria and can subsist on the prepared food which 
does not diffuse through the water. As food was the stimulus 
used this latter point was of importance. Eight fish were used. 
These varied in length from individuals measuring 4.5 cm. to 
one of 5.5 cm. They were kept in individual numbered pens. 
One trial a day was given. The food was cut into squares about 
4 mm. across. One such square was used for each trial and this 
was the only food the fish received until the next day. 

A diagram of the maze used is shown in Fig. 1. It was of 
the same general plan as the one used by Thorndike and con- 
sisted primarily of a tank with glass sides and ends and meas- 
ured 66.25 cm. in length, 37.5 cm. in width and contained water 
to the depth of 18 cm. The tank was divided into three com- 
partments (1,°2, and 3, see Fig. 1) of approximately equal size 
by means of two partitions. In case of two groups of fish the 
partitions were constructed of wire netting, in the case of the 
other group they were of unpainted wood. In each partition 
was a rectangular opening 2.5 cm. square. In the case of the 
partition between compartments No. 1 and No. 2 the opening 
was situated at the surface of the water and within 5.6 cm. of 
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one side of the tank. In the partition between compartments 
No. 2 and No. 3 the opening was at the bottom and within 
6.8 cm. of the side of the tank opposite to the opening of the 
first partition. With one group of fish the openings were bor- 
dered by a black pasteboard band 2.5 cm. in width attached 
by wire clips to the partition on the side nearer the end of the 


FIGURE 1. Diagram of the maze with the compartments 1, 2 and 3. AB, sur- 
face of the water. CD and EF, the partitions. G and H, the openings for 
the passage of the fish. The food was placed at X and the fish at O. The 
line of arrows represents the shortest possible route through the maze. 


tank where the food was placed. The light was furnished by 
a 40-watt Mazda lamp suspended over the center of the tank 
at a distance of one meter above the surface of the water. The 
food was placed in compartment No. 3, on the surface of the 
water, midway of the glass forming the end of the tank and 
touching the glass where it would remain until found by the 
fish. The observer sat either near the end of the tank where 
the food was placed or at a point entirely removed from the 
range of vision of the fish. 

The fish were given preliminary trials with no partitions in 
the maze. At the expiration of about a week the fish would 
- come fairly regularly and take the food which they found by 
the sense of sight. The partitions were then put in and daily 
trials started. The procedure was as follows: Sunlight was 
excluded from the room and the light turned on. About fifteen 
minutes were allowed to elapse in order to give an opportunity 
for the fish to become adapted to the light. A square of food 
was placed in the position described above. Then fish No. 1, 
e.g., was lifted from its pen by means of a small net and placed 
gently in the center of compartment No. 1. The time was 
noted at that instant. The fish was watched until it had swum 
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through the maze and the time noted the instant it touched the 
food. The fish was allowed about five minutes in which to eat 
the food and was then removed from the maze. 

Group I consisted of four fish which were used with the wire 
partitions with no visual signs about the openings. The curve 
representing the averages of the length of time of their trials 
is shown in Fig. 2. Three of these fish were given 60 trials, 
the fourth 46. In Fig. 2 the part of the curve enclosed in 
parentheses represents the averages for three fish only. It will 
be seen that the average time fell from 105 minutes for the 
first trial to 3 or 4 for the last trials. After the thirty-sixth 
trial the time never exceeded 5 minutes. The elevation at the 
point marked “x” is partly due to the exceedingly poor record 
of two individuals after the group had undergone a cessation 
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FIGURE 2. Curve for Group I representing the average time of the daily triais. 
The elevation at x was caused by the poor record of two fish after a cessation 
of practice of two weeks. The portion enclosed in parentheses represents the 
gee three fish only. The abscissae indicate trials, the ordinates, time 
in minutes. 


of practice of two weeks duration. Individual variations were 
quite noticeable. Fish No. 1 consumed 240 minutes during its’ 
first trial, while No. 2 required only 17, but went as high as 80 
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on its eighth trial. Fish No. 3 was the best of the group. Its 
last five trials, the forty-second to forty-sixth inclusive, never 
exceeded one minute in length while the last three were of a 
duration of thirty seconds each. The average physiological 
limit of the group seemed to have been reached at about the 
thirty-sixth trial, though the habit bore up well for the remain- 
ing trials. 

The members of this group apparently used the sense of 
sight very little in running the maze. They would repeatedly 
swim directly past the opening without passing through. The 
interstices of the wire netting were fairly large, three to every 
2.5 cm., and it is doubtful if the fish discriminated by the sense 
of sight between these and the openings intended for their 
passage. As far as could be observed they found the passage- 
way by playing about the netting and thrusting the head into 
the interstices until the opening was hit upon, this being large 
enough to allow their passage. They gradually learned to 
explore more and more closely about the opening and thus 
the time was reduced. Toward the last they swam fairly ac- 
curately to the opening and passed through with very little 
nosing about. This was especially true when they were passing 
through the second partition. The passage from compartment 
No. 1 to No. 2 usually required more time than that from No. 2 
to No. 3. This was no doubt due to the fact that the fish had 
to orient itself after being placed in compartment No. 1. The 
fish of this group very seldom went back into the compartment 
from which they had just come. 

In Group II two fish were used with the wire partitions pro- 
vided with the black bands about the openings. The curve for 
this group is shown in Fig. 3. Forty trials were given in this 
case. The curve is very abrupt in its initial part. Neither fish 
succeeded in running the maze the first day. The number, 405, 
toward which the arrow points in Fig. 3, represents the average 
time the fish were left in the maze during the unsuccessful at- 
tempts. On the next day one fish ran the maze in 7 minutes 
and never consumed more than 15 minutes at any later trial. 
As far as could be seen the failure of the first trial was due to 
fear on the part of the fish. They avoided the region of the 
openings during the first trial. However, after the first few 
trials the improvement was more rapid and the final achievement 
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FIGURE 3. Curve for Group II, the position of the beginning of the curve being 
indicated by the arrow. The abscissae represent trials, the ordinates, time 

in minutes. . 
greater than was true of.Group I. It will be seen that the curve 
descends more rapidly and farther and remains lower than does 
that of Group I. The fish went back to a previously occupied 
compartment more frequently than did the members of Group I. 
Group III was made up of two fish which were used with the 
wooden partitions. Their initial trials, although successful, re- 
quired considerable time (Fig. 4). This seemed to be due to 
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FIGURE 4. Curve for Group III. The abscissae represent trials, the ordinates 
time in minutes. 
the fact that the fish did not play about the dark wooden par- 
titions to any extent. When they did reach a point an inch or 
two directly before the opening they usually went through. 
The reverse passage of the openings was made much more 
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frequently than in either of the previous groups. The record 
of this group is better than that of Group I, but not as good as 
that of Group II (Fig. 5). The chief difference was that their 
improvement was not quite as rapid, their final attainment 
being as great as that of Group II. Fig. 5 shows the three 
curves plotted together, the trials being grouped in fives. The 
openings in the wooden partitions were not as conspicuous from 
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FIGURE 5. Curves for the three groups plotted together for purposes of _com- 
parison, the trials being grouped in fives. Continuous line represents Group 
I, dotted line Group II, broken line Group III. The abscissae represent trials, 
the ordinates, time in minutes. 


a distance, unless the fish were directly in front of them, as were 
the black-banded openings. This may account for the fact that 
the record of Group III was not as good as that of Group II. 

Retention tests were tried with two fish. In Group I prac- 
tice with one individual was allowed to cease for thirteen days 
after the forty-sixth trial. The record for the last three trials 
was 30 seconds each. After the interim the first trial required 
'7.5 minutes. The time dropped to one minute on the fifth 
trial. One individual of Group II was given a retention test 
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of thirteen days after the fortieth trial. The time rose from 
one minute to 3.5, but fell at the third trial to one minute. 

Some tests were made with the positions of the openings in 
the partitions reversed so that the fish had to swim down to 
one side when leaving compartment No. 1 and up to the other 
side when leaving No. 2. One individual from Group I, which 
had been running the maze in from one to two minutes required 
12.5 minutes to run it when thus reversed. The fish tried first 
the regions where the openings had formerly been situated. An 
individual from Group II was given a trial in the reversed maze. 
It tried once at the point where the opening had formerly been 
‘but turned then and swam directly to the black-banded opening 
and passed through. A fish from Group III, when the wooden 
partitions were reversed, tried quite persistently at the points 
where the openings has been previously situated before finding 
them in their new positions. 

The fact that in Groups II and III, where the openings were 
more apparent to the eye, the improvement was more rapid 
and the final achievement greater than in Group I leads to the 
conclusion that the sense of sight was a factor in the running of 
the maze, especially in the earlier trials. However, the fact 
that the members of Group I learned the maze only a little 
less rapidly and thoroughly than did those of the other two 
groups shows that kinesthetic factors were involved in the pro- 
cess. They probably came to function more and more exclu- 
sively as the practice went on. That kinesthesia was an im- 
portant factor is further proved by the behavior when the posi- 
tions of the openings were reversed and the fish proceeded to 
the region where they had formerly found the passage-way. The 
sense of touch also aided, especially in the case where a visual 
sign was not used and the fish nosed about the netting. As 
perfection of the habit was more nearly approached the use of 
the senses of sight and touch fell more and more into the back- 
ground and when the physiological limit was reached kinesthesia 
was largely the factor employed. 


SUMMARY 


- Goldfish, although lacking a pallium, are capable of forming 
a definite habit of a moderate degree of complication and of 
retaining this habit for some time. 
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The physiological limit for the running of the maze when 
daily trials were given was, for Group I, 2 minutes reached on 
the thirty-sixth trial; for Group II, one minute on the twentieth 
trial; for Group III, one minute on the thirty-sixth trial. The 


habit was fairly well retained after 13 days lapse of practice. 


The senses of sight and touch were instrumental in the initial 
steps of the habit formation but later were superseded to a great 
extent by kinesthesia. ~ 
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TWO METHODS OF SUBJECTIVE LEARNING IN 
THE MONKEY MACACUS RHESUS 


EDWARD J. KEMPF, M. D. 


Clinical Psychiatrist to the Government Hospital for the Insane, 
Washington, D. C. 


The studies of the learning processes of monkeys have led 
to some disagreement as to whether or not monkeys learn by 
the imitation method or through perseverance of trial and error 
or by both methods. The researches of Kinnaman, Shepard, 
Watson, Thorndike, and Haggerty show that the monkey learns 
principally by the perseverance method, but also, if the prob- 
lem with which he is confronted is not too. complex and con- 
tains only such elements or steps to be associated together for 
success as he has already mastered, by imitation. 

A review of the researches of the above observers shows that 
practically all the studies of the monkey’s learning processes 
have been through the problem method, requiring the monkey 
to manipulate in a certain manner or sequence objects of a general 
type for which all monkeys have a great natural fondness and 
interest. 

One factor that has made some of the studies of learning not 
altogether convincing has been the unnaturalness of some of the 
movements required of the ape and other animals to solve the 
problem or to imitate another animal’s movements.’ The animal 
often simply does not have the reactions or reflex systems in 
its repertory and lacks neurologically the capacity to acquire 
the necessary movements or associations of movements, or asso- 
ciations of sensations and sensory images, to solve the problem. 
Also the factor of internal, emotional distractibility has been 
underestimated. The uneasiness of the subject caused by the 
nearness of the human is so persistent and reflex in type that 
it always causes more or less distractibility, presenting a pro- 
portionate degree of incoérdination, like the pupil who fears his 
teacher and cannot learn from him, or the uneasiness produced 
in a speaker by the mere presence of a crowd. For example: 
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Shepard says that he placed the glass tube and stick in the 
cage with the animal “to see if he could push out the food in 
the tube after his attention had been attracted and he had been 
shown by the experimenter how the stick was to be manipulated 
for obtaining the banana or peanut.’’ Monkeys are not only 
afraid of a man but are ready to flee when a stick appears in 
one’s hands. Although the monkeys saw the experimentator use 
the stick from 72 to 228 times, none of them showed any signs 
of imitation. If, as is most probable, the monkeys were the 
hosts of even slight fear reactions from the hand or stick, imita- 
tion, above everything else, could not be expected. Kinnaman 
similarly spoke of making suggestive movements with a key (an 
object in the hand) to indicate its necessity in procuring the 
food. The monkeys did not imitate. 

Otherwise this work has so thoroughly covered this phase of 
the monkey’s learning methods that perhaps further contribu- 
tions are not needed. However, quite by accident the monkeys 
themselves revealed that they had other problems to master 
besides the objective ones of manipulating objects in proper 
sequence or manner; problems of a more subjective nature, such 
as when they knew perfectly well what they wanted to do, and 
in a way, how to do it, and saw how other monkeys performed 
an act, but to acquire the same results they had to learn how 
to control and manipulate their own muscles, of the body, arms 
and hands, in a certain manner. 

Since this seems to be an important condition of the learning 
process of the monkey it is thought to be worth reporting. 

The following observations were made from six Macacus 
rhesus monkeys. Three of them, A, B, and C, are.immature, 
well formed and presumably half grown. A and B are males. 
Cis afemale. They differ markedly in disposition but a study 
of their personalities need not be given here, except to state 
that A is very timid:'and gives way to the demands of all the 
_ others. He is forced to adapt himself to their demands in any 
other way than by using force. 

B is a very active, aggressive monkey and frankly competes 
for food with any of the others. He rarely fights back at.D, 
E, or F, and I only observed once that he tried to take food 
from one of the larger monkeys. B dominates A and C. C 
is very much like B in disposition and used to dominate him, 
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but ever since F punished C when B, C and F were caged to- 
gether, B punishes her and she submits to his aggressions. 

D, E and F are about matured males. E is the largest and 
most powerful and dominates the band. D is next in strength 
and dominates all but E. That is, he punishes all but E. Fis 
not liked by the other monkeys, and they all have preferences 
for some other monkey than F. F dominates A, B and C. 

The studies were conducted in a basement where they live 
in three cages. Besides one or two boxes, a barrel and a chair, 
there is no other furniture in the room. My presence during 
the studies could have had very little influence since they all 
are used to me. They are more or less timid toward me, but 
pay practically no attention to me when I am quiet and remain 
at a distance. 

The problem studied was accidentally suggested. The cages 
are all raised 18-19 cm. from the floor by blocks, one under 
each corner. There is an aperture about 4 cm. wide and 80 
cm. long between the flooring of the cages and the lower hori- 
zontal wooden bar to which the screen is attached. This aper- 
ture is closed by a movable wooden bar to keep the sawdust 
in the cage and is easily removed for cleaning the cage and 
watering. A small wooden box, 25x30x16 cm. happened to be 
at hand. One evening I noticed some of the monkeys trying 
to reach to the floor for some peanut shells. It occurred to me 
to drop a few peanuts into this box and push it up to the cage 
and see the monkeys reach for the nuts. 

A, B and C were in this cage. They promptly reached through 
the wires into the box but the distance was too great to reach | 
the peanuts. The bar was then removed and A, B and C im- 
mediately returned to grab peanuts. B and C returned first 
and, true to their habits, overlooked the new opening and utilized 
as before, the nearest wire screen area above the box. They 
repeatedly reached through the spaces but could not quite 
touch the nuts. <A tried to reach from this place also but was 
pushed away by B and C, whereupon he tried it lower down 
and pushed his hand through the horizontal aperture between 
the floor and the crossbar and then extended his hand into the 
box containing the nuts. He chuckled his delight as he drew 
out the nut. Immediately B and C tried this aperture and 
succeeded in reaching the nuts. (Objective learning through 
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imitation.) After that they all promptly used the lower space 
and abandoned the wires for reaching food from this box. They 
seem to be equally quick at it, often requiring only about one- 
half a second to make the movement. 

The food box was then presented to D, E and F, who were 
caged together. D, E and F saw A, B and C feed from the 
box and F may have imitated them, but since he had often 
reached to the floor before, this is not likely to have been the 
case. He immediately placed himself in the proper position 
and reached the food. D and E could not reach the food, 
although they extended their hands through the proper aperture. 

Before relating D and E’s methods of finally acquiring the 
food from the box it is necessary to make clear the type of 
movement required to reach the food. The extreme simplicity 
and naturalness of the position necessary to acquire the food 
should be given the most consideration. 

To take a nut from the box the movement of A, B, C and 
F was simply that of crouching close to the floor on all fours 
with the body parallel to and near the aperture, then extending 
the forearm of the arm nearest.to the bar through this aperture, 
pronating the hand so that the palm faces the food and simul- 
taneously pushing the arm through the aperture up to the shoul- 
der. A, B, C and F did this within a few seconds from the 
beginning and quickly became so expert that they could per- 
form the movement in less than a second. All monkeys learn 
this crouch in infancy, as do most four-footed animals. It 
is one of their most natural and frequent positions. To crouch 
on the perch in this manner and reach over the edge with one 
hand to scratch another monkey below is a very frequent move- 
ment for all of them to make. So in this movement probably 
no new motor coérdinations were required or sensory stimuli 
given, and on the other hand one of their most frequent posi- 
tions and movements was necessary to reach the food. One 
thing must be added, however. When the monkey’s head re- 
mained above the cross bar and near the wire netting he could 
see the food while he reached for it; and when he crouched close 
to the floor and extended his arm through the aperttire beneath 
the cross bar, his face would be beneath the cross bar, and he 
would be unable to see the food or his hand when he reached. 
He would have to. depend upon touch to orient himself. On 
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the other hand every monkey is fond of sticking his fingers into 
places where he cannot see what he touches. 

For three months, in which time the problem was placed 
before the monkey from about a quarter of an hour to an hour 
at a time on an average of three times a week, D and E were 
unable to get any:hing out of this box. Although they had 
innumerable opportunities to watch and did watch very closely 
while in the presence of A, B, C, or F, or several, or all of them, 
or when by themselves. They also tried to solve the problem 
when alone. It is perhaps needless to add that they were 
urged to do so by the odor and sight of many tempting fruits, 
nuts and vegetables, during states of great, little, or no hunger 
and they were unable to learn. Their efforts to reach into ~ 
the box at times were perfectly ridiculous and grotesque. They 
would twist themselves into the most awkward positions, even 
for a monkey, stand on their hands, pushing their faces into 
the aperture and hold to the wires with their hind feet, almost 
standing on their heads, or climb up the wires backwards, turn 
their backs to the food and try to reach it, twist themselves’ 
around and around in a circle, call for the food, get angry, 
punish the other monkeys and what not. 

They were helpless and would probably have starved if their 
struggles for food had been the sole means of living. 

They learned to snatch food from the other monkeys and 
when this failed, at times they would sit by the box and shake 
it back and forth or drive the other monkeys away. D and E 
would often sit by the aperture and watch another monkey 
reach for the food and then snatch it as he drew it through 
the aperture. F then adjusted to this by pressing his face 
into the aperture and pushed the nuts into his mouth without 
raising his head. When he had several in his pouch he would 
then dash away. . 

B would frequently grab food out of the box and dash to the 
top of the cage and eat it. E would cautiously climb up to get 
near enough to grab him. As soon as E would be far enough 
from the box B would dodge him, dash to the box, grab food 
and be away before E would get back to the box. Occasionally 
B would make an enticing chuckling sound to E which was 
very similar to the sound made when wishing sexual play. This 
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would usually induce E to come away from the box and give 
B an opportunity to dash by him. 

In the beginning the study was not intended for publication, 
so a count of the distinct attempts to reach into the box was 
not made. It is safe, however, to estimate that D and E each 
made more than two hundred, probably twice that number of 
attempts to reach the food and neither seemed to make any 
progress. They repeated over and over again about the same 
futile movements. D and E would both often crouch at right 
angles to the box, look over the bar into the box and thrust 
their arms through the aperture up to the elbow. Although they 
would pronate the forearm they could not bend.the elbow to 
lower the hand into the box, being anatomically impossible in 
the narrow aperture with the body at right angles to the opening 
and the head above the bar. They would then usually shake 
the box back and forth or try to lift it or turn it around. 

The observations of two periods are given here to make clear 
what happened. The period of April 8 is typical of all the 
periods previous to it. During the period of April 19 D suc- 
ceeded for the first time in his efforts to obtain food. 


OBSERVATIONS 


April 8—D and F are in the cage together. Several prunes - 
were dropped into the problem box. D reached through the 
aperture to the elbow. F pushed his way to the aperture, 
crouched and extended his arms through the aperture and 
‘ helped himself to the prunes. D crouched right beside F, watch- 
ing him intently, especially F’s hand reaching for food, and he 
moved his forearm through the aperture the way F did but did not 
turn his body properly. He clearly tried to wmitate F’s method of 
reaching. (Subjective learning through imitation.) F grabbed 
all the prunes. A few minutes later F grabbed all the nuts and 
bread without exception. This is about what occurred each 
time the problem was tried throughout twelve weeks. | 

April 19——D and F in a cage together. One dried peach 
was dropped into the box. F grabbed it. D pursued F to take 
it from him. Piece of dried bread dropped into the box. F 
grabbed it. Bread again dropped into the box before F finished 
eating. D turned the box around and pulled it back and forth; 
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placed himself in many awkward positions. Extended his hind 
legs and body in a vertical position, holding to the wire netting 
with his hind feet. He turned around, finally standing upside 
down in a vertical position with his head near the aperture. 
He succeeded in scratching the bottom of the box but could 
not reach the food. Then he seemed to lose his balance and 
fall over on his side. This accidental position was correct for 
reaching the food. He pulled out the piece of bread. He ate 
the bread. A peach was lying in the box. He tried repeatedly 
to reach it but could not and did not assume the proper posi- 
tion again. F grabbed the peach. Handful of peanuts were 
dropped into the box. F grabbed most of them. 

Now D tried all types of movements, squirming into one 
position after another in a most useless and fruitless manner. 
Twice his body happened to get into the proper position to easily 
reach the food but each time he changed his reaching hand 
from the one beside the aperture to the one on the opposite 
side of his body. He continued to try, raised his body and hind 
legs into the upside-down vertical position, holding on to the 
screen with his hind feet; then reached into the aperture with 
the off side hand and pressed his face into the aperture. His 
hand touched the nuts and he extracted four despite the awk- 
ward position of his hand. He then left the box to eat. Then 
he returned to get more nuts and seemed to be unable to reach 
them or resume his old position. He shook the box fruitlessly. 

The next day the observations were repeated and D seemed 
to learn all over again. He went through a series of trials 
and errors and finally, more quickly than the day before, assumed 
his unique, awkward method. This method he developed until 
he became fairly dexterous. 

He places his right hand on the wires just above the cross 
bar to steady himself and raises his body and hind legs above 
his head and shoulders, placing himself in a more or less vertical 
position. The abdomen and chest are pressed against the wires. 
He extends the left hand, which is on the opposite side of the 
body, through the aperture, this allows the arm to remain nearly 
straight, and scrapes the back of the fingers over the box floor 
until he happens to touch a nut. He required 5, 3, 3, 4, 10, 10 
and 156 seconds for each trial to extract a nut. 


—— 
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The presence of F bothered D somewhat instead of assisting him 
to learn. But D was often tried alone and rarely did more than 
to pull the box around or twist himself into awkward positions. 

E seemed to have even more difficulty in learning than D, 
although he had the longest arms of the six monkeys. Like D, 
he was given the opportunity to watch B, C and F take food 
from the box. He seemed to watch very closely but he never 
showed so clearly efforts to imitate as D tried to imitate F. 
That is he never sat beside B, C or F and moved his arm forward 
automatically as the other monkey’s arm passed into the box. 

Most of E’s trials were made in company with B or alone. 
He would usually drive B away and shake the box back and 
forth or extend the arm to the elbow through the aperture. B 
probably interfered with E’s learning process because of his 
quick dashes to the box and disconcerting eating when E was 
hungry. E preferred to take food from the others rather than 
try to procure his own. Despite this he made a great many 
trials with no result. Like D he seemed to bungle about the 
wires, twisting himself around in the most awkward positions. 
until he fairly fell into a crouch near the aperture. ,Then his 


hand easily reached the food. That it was an accidental asso- 


ciation of movements was evident because after he seized the 
second nut he was unable to-repeat his method. It happened 
as follows: 

April 24.—E and B were in the cage together. B -was iso- 


lated in the rear compartment. E tried a variety of futile 


movements in order to reach the food. He extended his arm 
up to the elbow into the box and tried repeatedly. Finally he 
supinated the forearm and raised the posterior part of the body 
above his head, similar to D’s method. This failed and with his 
arm still through the aperture, seemingly fatigued, he lowered 
his body to a crouch and rested. He looked at me as he crouched 


there; then he gradually extended his arm further. His position - 


happened to be correct and his arm easily passed through to the 
shoulder. The hand reached the bottom of the box and he easily 
extracted food. He repeated this arm movement a second time 
and then changed his position to eat. After eating he tried to 


obtain more food and seemed unable to repeat his method. He 


pushed the box back and forth. After some time he resumed 
D’s method and extracted an onion. Then B was readmitted. 
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B immediately dashed to the box and obtained food. E took 
it from him after a chase. A handful of nuts were dropped into 
the box. E tried awkwardly to reach them. Finally he reached 
in with the back of the hand towards the food—D’s method— 
and extracted a nut. After this E learned rapidly. He gradually 
modified the position of his body until he no longer uses the 
wires to raise himself but forces his head tightly against the bar 
or floor and is able to reach the food with either hand. D also 
abandoned the vertical screen position but still keeps the pos- 
terior half of his body elevated. Both D and E now place 
their bodies nearly parallel to the aperture. The tendency is 
still to use the arm on the off side with the back of the hand 
facing towards the food in the box unless the hand is extremely 
extended, when the thumb also reaches the food—the most awk- 
ward position of the hand for grasping. 

E and D are good specimens of the Macacus rhesus, well 
developed young adults. That spontaneous subjective learning 
should be so slow and laborious a process, even in an organism 
so highly developed as this species of monkey, when trying to 
adapt well developed movements to a new situation is sur- 
prising upon first estimation. 


CONCLUSIONS 


The observations seemed to show repeatedly that the follow- 
ing phenomenon occurred: D was the host of a motive— 
to acquire food. This motive discharged itself through a mani- 
fold of more or less incoédrdinated movements to acquire the 
food. A novel, accidental association of movements permitted 
complete expression of the motive. Hence there was a ten- 
dency to repeat similarly associated movements, eliminate the 
unnecessary and finally reach a maximum of efficiency whereby 
the hunger motwe could express itself with a minimum of effort. 
In other words, the motive was the force, the box, etc., the 
mold, and the repertory of movements the material to be molded. 
A novel or accidental association of movements finally made the 
molding possible. 

That is to say, D did not strictly try one movement and 
then another as a process of elimination of the useless move- 
ments but more aimlessly seemed to be the host of a stream of 
force that caused a continuous pressure for expression and ac- 
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cidentally the proper series of sensorimotor neurones became 
connected up and the motive flowed out through the series of 
effectors that acquired the food and placed it in the mouth. 

In the cases of B and C watching A, and of D watching F, 
B and C imitated A in that they saw where A reached and did 
the same thing. D saw where and to an extent how F reached 
and reached from there also, but could only imitate the first 
one of F’s movements even though he had probably made very 
similar movements under other circumstances. 

The utilization of the fit and the elimination of the unfit, 
whereby a maximum of the desired result is developed for a mini- 
mum of expenditure of energy, is the great fundamental principle 
of force underlying all evolution, progress and efficiency. 

Imitation seems possible only when similar movements under 
similar circumstances have already been previously acquired by 
the organism. Imitation seems to permit of a very limited 
margin for new modifications of the old repertory of movements. 
Trial and error gives much more extensive possibilities for learn- 
ing; requires more time, energy and perseverance. 

Subjective learning, in the sense of learning to manipulate 
the body, is a very important element in the development of 
the individual. It occurs through imitation and through the 
perseverance method of trial and error. 

Subjective learning depends largely upon perfect freedom, the 
absence of fear and the urge of a motive. 

The animals used in this research were supplied by Shepherd 
Ivory Franz, Scientific Director to the Government for the 
Insane, through a grant to him from the Carnegie Institution 
of Washington. Acknowledgment is made, therefore, to the 
Carnegie Institution for aid in this work. 
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NOTE 


TITLES OF BEHAVIOR PAPERS 
WALTER S. HUNTER 

Professor Yerkes has suggested that I embody in a note 
certain views concerning the titles of behavior papers. All 
students who read widely-and at the same time selectively are 
handicapped by the very frequent inability to determine the 
contents of a paper from a perusal of its title. Problem and 
animal bibliographies are difficult to compile for the same reason. 
If this is true now, when the science is but well begun, how 
much more true will it be ten or twenty years hence, unless 
some change is instituted? The suggestion is, therefore, made 
that titles of behavior papers include the names of all animals - 
tested as well as a specific characterization of the nature of 
the problem. Popular names, e.g., raccoon, dove or pig are 
preferable for vertebrates at least. Technical names, e.g., 
Procyon lotor and Sus scrofa, may be added when deemed neces- 
sary. The title ‘‘ Maze habits in the white rat and the dog”’ 
is thus preferable to “A study in habit formation. ~~ The 
delayed reaction in rats, dogs, raccoons and children ’”’ would 
be preferable to ‘“‘ The delayed reaction in animals and children.’” 

Titles constructed on the basis here suggested will possibly 
be longer than is usual at present. What we desire, however, is 
clearness and efficiency and not aesthetic satisfaction. 
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